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SOME EXPERIMENTS ON MIXED FUELS, WITH SPECIAL 
REFERENCE TO ALCOHOL MIXTURES. 

BY W. R. ORMANDY, D.Sc. 

IF this paper begins on an egotistical note, it is only because the 
author wishes to make it clear that his intention is to give personal 
testimony, and not to take a didactic attitude. If this testimony 
with regard to aloohol is to be strictly weighed and criticised, he 
thinks it is necessary to recount exactly upon what personal 
experiences it is based. 

About ten years ago, through the public-mindedness of Messrs. 
Joseph Crosfield & Sons, Ltd., Warrington, the author was 
enabled to spend a considerable time on the Continent, inquiring 
into the conditions there pertaining to the manufacture and utili- 
sation of industsial alcohol. Before that time his intemts  had 
largely been associated with the distillation of coal, and in con- 
nection with this work he had had frequent opportunities of 
keeping in  touch with both English and Continental practice. 

I n  a lecture given before the Royal Automobile Club soon after 
the Departmental Committee on industrial alcohol had been formed, 
the author urged the necessity for a continuation of the work which 
had been done in Germany in the direction of the manufacture and 
utilisation of alcohol as a motor fuel, and pointed out that on the 
Continent this problem was regarded, not merely from the point 
of view of the motor industry, but in the broader aspect of its 
relation to national economy. The low price of petrol, resulting 
from the warfare of the contending interests for the petrol market 
of our own country, caused the whole subject to be forgotten here. 
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The ever growing price of motor fuel, undoubtedly due to a 
demand increasing at a much more rapid rate than the natural 
production, haa again drawn public attention to this important 
subject. I n  the Presidential Address to this Institution ill 

October, the urgent necessity of a thorough study of the whole 
subject was again emphasised. 

As some members may be aware, the author has been associated 
with The Autocar, both as a contributor and a8 a lecturer under 
its zegis, and it was with great pleasure that he accepted a pro- 
posal, made by Mr. Staner to undertake the responsibility of 
carrying out a number of experiments on motor fuels, particularly 
with admixtures of which alcohol formed a constituent. 

About this period a portion of the motoring press was doing 
its utmost to persuade the public by the reiteration of the well- 
known fact that benzol could be used in  the place of petrol that 
the problem was solved. I n  so far as the public were educated to 
appreciate the fact that benzol was a fuel which could be sub- 
stituted for petrol, an  undoubted service was rendered; but, in 
so far aa the public were led to believe that the problem {was 
wholly solved, any benefit which might be derivable from their 
other activities was, in  the author’s view, more than n e u t r a l i d .  
I t  is difficult enough to arouse a community as a whole to a sense 
of impending danger; it is remarkably easy to lull it again into 
self -satisfied complacency. Some five years before the recru- 
descence of the benzol campaign the author spent much time and 
energy, in conjunction with one of the largest firms of bye-product 
recovery coke oven builders, with the object of putting benzol 
on the market as a motor fuel. Even then there w a ~  no question 
as to its suitability, and the problem of persuading the public 
of this was never reganded as of any moment. It was the difEculty 
of distribution which eventually caused the whole scheme to be 
abandoned. 

The Motor Union Fuals Committee, in 1906, came forward 
with a number of resolutions urging the advisability of smeone 
else carrying out research work, and there the matter remained. 
More recently came a portion of the motoring press putting for- 
ward old friends decorated out of all recognition, and new friends, 
in ceaseless streams, which, like patent medicines, were each 
capable of curing all the ills we have, and many that we were 
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never aware of. Into the sea of uncertainty in which we were 
thus shipwrecked, the Joint Petrol Substitutes Committee was 
Zaumhed, and at last there seemed hope of oil on the troubled 
waters; and it came-creosote oil. 

That benzol was produced i n  more considerable quantities than 
any other liquid fuel which could hope to compete with petrol, 
and that il was applicable to existing conditions, with practically 
no modification, was obvious; but it is almost a truism to state 
that the easy and obvious is seldom the road to lasting sucwss. 
Owing to one cause and another, the price of petrol is higher on 
the Continent than in this camtry; it is self evident that  
benzol manufacturers will be tempted to ship their product to 
wherever they can get the best price, and that they are doing 
80 is borne out by statistics. The author was disappointed to 
gather from the President’s Address that that gentleman sup- 
ported the idea that relief to the motorist must be sought in the 
immediate future in the utilisation of coal products. Those with 
whom the author has discussed the subject, men intimately asso- 
ciruted with every branch of the coal distillation industry, agree 
that there are no evidences available that the growth of benzol 
production will ever catch up with the growing demand for motor 
fuel as it increases from year to year, still less that it will render 
us in any way independent of a petroleum product. 

The author believes that alcohol is the fuel which will pay 
best, pay soonest, and pay longest for investigation, but he does 
not say categorically, “Let  the motor manufacturers now begin 
to try alcohol on their test benches ’’ ; rather let us set to work on 
a comprehensive but concentrated course of experimental work 
with the object of producing a motor car engine fit for alcohol. 
Alcohol is the only fuel upon which we can rely for quantity, 
permanency, and acceptability of price ; but before the present 
restrictions on the manufacture and sale of alcohol are likely to 
be removed, as they must and will be, automobile manufacturers 
must show that they are ready and wishful to have alcohol. And 
before automobile manufacturers show this they must in turn be 
convinced that alcohol is within the bounds of commercial practic- 
ability. At present, wherever the subject of alcohol as a possible 
source of motor fuel is discussed, its undoubted low heat-giving 
value is emphasised, and a very few overworked statistics pro- 
duced to hammer i n  the old assumption that this calorifically 
poor but immensely popular contributor to the sum of h u m m  
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happiness is much more suitable for distribution in  square-faced 
bottles than as a motor fuel. I n  the light of what we now know, 
the reply to this is that the low calorific value of alcohol is com- 
pensated for, i f  not actually outweighed, by certain other pro- 
perties which are manifest when it is used intelligently in the 
internal combustion engine. 

In discussing the general liue along which the experiments 
should proceed, the author took up the standpoint which he still 
maintains, t h t  the line of least resit3ta.nce towards the develop- 
ment of what might be called an  essentially alcohol engine lay 
through the utilisation of a mixture of alcohol and benzol. EX- 
perimental reeults which he had the privilege of seeing at the 
Giihrunge Vemuchs Anstalt in Berlin, pointed to the fact that 
the high thermal efficiency of alcohol, employed in the internal 
combustion engine, was also enjoyed by benzol when used in 
admixture therewith. Moreover, it was eminently desirable to find 
out whether any mixture, and if 80 what mixture, of the two fuels 
could be utilised in existing motors with little alteration other 
than some simple adjustment of the carburettor. It was decided, 
therefore, to carry out a number of 'brake test experiments upon 
a well-known make of standard petrol engine with petrol, benzol 
and benzol-alcohol mixtures, i n  order that the behaviour of these 
under comparable conditions might be noted. Although these 
experiments were begun a considerable time ago, it happened- 
and those who do experimental work will realise how it 
almost always happens-that the results of the first series of 
experiments pointed to the necessity for additional experiments, 
and these again to  yet others. The actual carrying out of the 
brake test experiments was placed in the capable hands of 
Messrs. Craig and Napier, the results of whose carefully con- 
ducted work are embodied heremider. 

Before describing the actual results, it may be well to put on 
record some of the physical constants of the various fuels em- 
ployed, and to note what conclusions can be drawn from a 
theoretical consideration of these. Table I. gives a list of the 
principal ingredients in  ordinary petrol, commercial benzol and: 
methylated spirit. C o l m  1 gives the scieutific name of the 
constituont; column 2 the formula; column 3 the molecular weight; 
column 4 the large calories given out on burning a gramme mole- 
cular weight of the particular fuel; and the last column the number 
of British Thermal Units given out in  burning 1 Ib. of the fuel. 
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TABLE I. 

Name. 

33exane. ......... 
Heptane.. ........ 
Beneol .......... 
Toluol .......... 
Xylol ............ 

Ethyl Alcohol .... 
Methyl Alcohol. , . . 

Methylated Spirits, 

Formula. MoleculEr 
Weight. 

86 

100 

78 

92 

106 

32 

46 

.. 

Cab. per 
gramme 

Molemhr 
Weight. 

991-2 

11 52.3 

784-1 

933.8 

1084-0 

170.6 

325.7 

.. 

53 

B.Th.U.’a 
per Ib. 

20,802 

20,762 

18,102 

18,291 

15,458 

9,593 

12,757 

11,600 

I t  will be Been that hexane and heptane have almost tlw samo 
heat value, and for all practical purposles we may take the physical 
constants of heptane as representing those of commercial petrol. 
In the second group, benzol, toluol, and xylol are very similar 
in their properties, and by taking slightly higher figures than 
those for benzol, we shall be exoeedingly close to the actual 
heat value of commercial benzene motor spirit. Where is a much 
more considerable difference between the ethyl and methyl 
alcohols. The commercial methylated spirit employed in the ex- 
periments coiisisted of 94 volume-per-cent alcohol, denatured with 
10 per cent of m t h y l  alcoliol. This composition corresponds 
to 10 per cent methyl alcohol and 90 per cent of an ethyl alcohol 
containing only 91 per cent by w i g h t  of pure ethyl alcohol, and 
9 per cent by weight of water. The calculated heat value of the 
methylated spirit from figures given above is 11,397 B.Th.U’s. 
per lb. Ail actual determination of the heat. value by means of 
the bomb calorimeter gave 11,600 B.Th.U’s. A glance at the 
Table is sufficient to  show how poor alcohol is in  heat value com- 
pared with petrol and benzol, and i f  the value of a fuel w ~ r e  
gauged merely on its heat value, there would be no question 
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as to the impossibility of using alcohol, unless it were obtainable 
a t  something like half the price of itEl competitors. Fortunately, 
as experiments will show, this is by no means the case. What 
interests the motorist is not the heat value in the fuel so much at3 
the total of the heat value employed, which c m  be returned i n  
the form of work. At first sight we might be inclined to argue 
that, i n  any case, it would not be possible to get the same p o m r  
from an engine running on such poor fuel, even though it could 
be employed inore economically from the thermal standpoint. 
That the power can be got is explainable easily enough by a con- 
sideration of the mixtures employed. The actual composition of 
the mixture of fuel and air which will give the best results in  the 
cylinder can be calculated with very great accuracy by well-known 
means, and as an example, the case of benzol is worked out here- 
under : - 

C ,  H,+74 0 , + 3 0  N, SCO,+3 H, 0 + 3 0  NZ - " / 

1 +74 +30 \ , I S  +3 + 30 

Volumes . . . .38*5 1 (' 39 

Underneath the formula is written the corresponding volume 
of the material named above, and it will be seen that one volume 
of benzene vapour requires 3 8 i  volumes of air to form a perfeat 
explosive mixture, and that this results in 39 volumes of combus- 
tion producta. 

Table 11. contains similar calculations for all the materials 
referred to in Table I., and a n  additional calculation has been 
made in  order to show the comparative volumes on employing 
equal quantities by m i g h t  of each material. 

Again, there is a great similarity between individual members 
of each group, but the amount of air required to burn one pound 
of alcohol is very much less than i n  the case of either benzol or 
petrol. Assuming that our engine is so constructed that the 
cylinders are filled i n  every case with a perfect explosive mixture, 
it is interesting to calcqlats the total number of heat units which 
the explosion can set free in the cylinder. 

The results are shown in Table III., and we arrive at the in- 
teresting conclusion that a cylinder filled with a perfect explosive 
mixture of any of these fuels will contain a mixture capable of 
giving almost exactly the same heat in every case, Clearly, 
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Formula. Name. 

Name. 

B.Th.U. per Unit 
Volume of Perfect 

Mixture. 

Hexane . . . . . . . . . . 
Heptane . . . . . . . . . 
Octane.. . . . . . . . . . , 

Benzol . . . . . . . . . . . . . , . . . . . . 
Toluol .................... 
Xylol , . . . . . . . . . . . . . . . . . . . 

Benzol . . . . . . . . . . . 
Toluol , . . . . . . . . . . 
Xylol . . . . . . . . . . . 

C . 3 ,  
C,H, 
CuHio 

Methyl Alcohol . . . 
Ethyl Alcohol . . . . 
Methylated Spirits. 

Methyl Alcohol . . . . . . . . . . . . 
Ethyl Alcohol . . . . . . . . . . . . 

Formula. 

CH,O 361 
C*H,O 367 

86 
100 
114 

78 
92 

106 

32 
46 
. .  

51'0 
59-0 
67.0 

39.0 
47.0 
55.0 

9.0 
17.0 
. .  

56.4 
56.0 
55.7 

49.4 
50.0 
50.5 

26.6 
34.8 
.. 

55 

.9 r; 
w a  *I 

55 
$ 9  

j; 
- *  gz 

5.800 
5-758 
5.728 

5.080 
5.141 
5.192 

2.735 
3-576 
3.170 

TABLE 111. 

Hexane . . , . . . . . . . . . . . . . . I 
geptane.. . . . . . . . . . . . . . . . . 

369 
371 

366 
366 
266 
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since the figures are true of each individual constituent of the 
mixed commercial fuels, we may conclude that they will be true 
also of the mixed fuels. 

It is evident, therefore, that there is no theoretical difficulty in 
getting into the cylinders of any engine an equal amount of poten- 
tial energy in the form of a perfect gas mixture with any of the 
fuels under discussion. 

Problems relative to the thermal efficiency under various 
degrees of compression, and with various piston speeds, together 
with the influence of wire-drawing in the carburettor, are better 
left for discussion when the results of the experiments are before 
us in the form of curves. The author cannot do better than give 
now the description of the arrangement employed for carrying 
out the experiments in the words of Messrs. Craig and Napier’s 
own report:- 

Description of the Engina. 

“The tests were carried out on a standard &cylinder 17 h.p. 
Maudslay engine 90 mm. bore by 130 mm. stroke, having g, 
compression space in the respective cylinders as follows:- 

No. 1, 24’1 per cent of the volume swept, plus the clearance. 
No. 2, 24‘9 9 ,  9 ,? >, 7 ,  

No. 3, 24’2 ,7 17 97 ,7 ,9 

No. 4, 24’2 ,7 I ,  I 9  37 ,7 

“The combustion space had no pockets, as the valves were 
situated in  the top of the cylinders. 

“ The Ignition mas by high tension magneto with variable 
timing. 

“ The Cooling Water  was supplied directly from the main, and 
the temperature was regulated by means of a stop-cock on the 
outlet pipe. 

“The CarbArettor used in the test was a ‘White and Poppe’ 
standard carburettor. This type wm adopted on account of the 
simplicity of the means for varying the quality of the mixture 
whilst running; special handles were fitted to the carburettor 60 

k t t  this might be more conveniently done. 
’‘ The Inlet Pipe above the carburettor waa jacketed, and water 
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was circulated through it. The water supply to this jacket was  
taken from the top of the outlet pipe, and the temperature regu- 
lated by means of a stop-cock. 

“Thermometers were placed in the inlet pipe, outlet pipe, and 
in the water jaoket round the induction pipe, and readinge were 
taken on each test. 

Memsurmawt of P w l .  
“The fuel was contained in a tank situated high above the 

engine, and could be led by means of cocks either directly to the 
engine or into a measuring glass which contained half a pint of 
fuel. When a reading had to be taken, the supply from the fuel 
tank mas shut off, and the supply from the measuring glass opened, 
and the time taken to we the half-pint waa noted. To make the 
readings more accurate, tubes of about -p.- in. born were fitted on 
the top and bottom of the measuring glass, and the time w w  taken 
as the liquid passed carefully calibratad points on the top and on 
the bottom tube. The arrangement is illmtrated in Fig. 1. 

Methods of detarmiwing Brake Hors.+power. 
“The brake horse-power was determzed by means of a rope 

dynamometer. In order to obtain steady readings, a lever 
arrangement with spring balances was used, and a damping 
spring was interposed between the lever and the fixed support, 
as shown at A, Fig. 1. Right and left-hand adjusting screws 
and nuts were fitted at B and C, which allowed the load to be 
easily and finely adjusted so that a constant speed could be main- 
tained. The load could also be,adjusted by hand by means of 
the hand lever D. The needles of tke spring balance had small 
rubber friction pzlds attached to them so as to give dead beat 
readings. 

‘‘ The flywheel was water-cooled, and the ropes were continuously 
lubricated with an adjustable supply of oil from a tank situatad 
above the flywheel. 

“The speed of the engine was approximately shown by a 
‘Harding’ tachometer, but while each test was being taken, 
the revolutions of the engine were counted by a mvolution counter, 
and the recorded readings are those taken from this counter. 
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,STOP COCK 

F I O .  1. 
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" The results obtained have been set out in the form of CWVM 

in Fig. 2 for more convenient reference. 

Nature, of the Tats.  
" The testa were oonducted with the object of proving the rela- 

tive vduas of petrol, bsnzol and mixtures of benzol and methylated 
spirit. The fuels employed in the tests were:- 

 at UNIV OF VIRGINIA on June 5, 2016pau.sagepub.comDownloaded from 

http://pau.sagepub.com/


60 THE INSTITUTION OF AUTOMOBILE ENGIINEERS. 

Petrol, Pratt’s A. ,  having a specific gravity of 0’710 at 60” F. 
Benzol, 90’s > 9  9 ,  $ 9  0’885 ,, 
Benzol, 6O’s/9O’s 9 ,  9 ,  7,  0’875 ,, 
Methylated spirit 3,  >) 1 9  0’815 ,, 
“The following tests were made:- 
(1) A test of b.h.p. and consumption of the engine using petrol, 

Pratt’s A. motor spirit, having a specific gravity of 0’710 ab 
60” F. 

( 2 )  A test of b.h.p. and consumption of the engine using 
benzol 50’s/90’s, having a specific gravity of 0’875 at 60” F. 

(3) A test of b.h.p. and consumption of the engine using 
benzol go’s, having a specific gravity of 0.885 at 60” F. 

(4) A test of b.h.p. and cousulnption of the engine using a 
mixture of 50 per cent benzol 50’s/90’s, and 50 per cent methy- 
lated spirit, the mixture having a specific gravity of 0’850. 

(5) A test of b.h.p. and consumption of the engine using a 
mixture of 33.3 per cent benzol and 66‘6 per cent methylated spirit, 
the mixture having a specific gravity of 0‘838. 

(6) A test of b.h.p. and consumption of the engine using a 
mixture of 25 per cent benzol 5O’s/9O1s and 75 per cent methy- 
lated spirit, the mixture having a specific gravity of 0.830. 

’‘ Before each set of tests of fuels the engine was tested on petrol 
to see that the powr given out was constant, and, i f  not, the valves 
were ground in, or other adjustments were made until a constant 
power was maintained. 

Ramavke on Tests. 
“Preliminary tests showed that on none of the mixture8 of 

methylated spirit and benzol did the engine run steadily under load 
unleas the tempiemture of the jacket of the induction pipe was 
at least 160” F. 

“ It was found that the beiizol took less air than the petrol, and 
that the more methylated spirit there was in the mixture the 
smaller was the quantity of air required. The quantity of air 
was not measured, nor mas a sample of t.he exhaust gmes taken, 
but the richness of the mixture was regulated by obtaining the 
mixture which gave the maximum power, and in no case was the 
smell offensive, nor was there any smoke, nor at  any time w&s 
the exhaust visible. 

“The engine ran at about 300 revs. per minute with all the 
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mixtures, and was quite easily started from cold at  the tempera- 
ture of the test room, which was about 70" F .  

"From the figures obtained it was found that the engine at 
1,000 rem. per minute- 

Gives 1'25 per cent less power and mes 15.5 per cent less 
benzol than when running on petrol. 

Gives 1 per cent less power and uses 3.7 per cent less of the 50 
per cent benzol-methylated spirit than when running on 
petrol. 

Gives 8 per cent less power and uses 8'9 per cent more of the 
33p per cent mixture than when running on petrol. 

Gives 8.5 per cent less power and uses 24'5 per cent more of the 
25 per cent mixture than when running on petrol. 

"These percel l tap of fuel represent volume, not weight, of 
mixture. The valvee were removed after each set of tests in 
order to examine their condition, and also that of the cylinder 
h d s  and pistons. 

" The exhaust valves appear to have been subjected to greater 
heat as the proportion of methylated spirits employed in the mix- 
ture was greater, whilst the inlet valves and the combustion space 
had a slight pltxtinous deposit on them, which increased as the 
pimportion of methylated spirit increased, but owing to the short- 
ness of the tests the effect of this could not be noted, but it did 
not appear to be such that it mould ham any detrimental effech 
in actual use. 

'' No attempt was made to increase the compression when using 
methylated spirit mixtures, but undoubtedly had this been done 
better resultv as regards power and consumption would have been 
obtained. 

" Benzol and methylated spirit mix readily, and show no ten- 
dency to separate afterwards." 

Methyhted Spirit used. 
Quite independcnt of the fact that commercially pure alcohol 

costs somewhere about 25s. per gallon, there is no particular 
advantage in working with the pure product, since, in any 
circumstances, industrial alcohol will have to be denatured, and 
it is probably best to find out what can be dane with the particular 
type of denatured ahohol--known as methylated spirit-which 
i6 placed in the hands of bhe public. It is not likely tha.t any 
greater restxictions wil l  be placed on fuel alcohol than is the case 
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with the existing methylated spirit, and we might well look for 
some modification in the regulations in the direction of a cheaper 
denaturant. The methylated spirit employed-of which more 
than 4 gallons may not be remimd in one day without special 
arrangements being made-contains 90 per cent of ethyl alcohol 
and water, and 10 per cent crude wood spirit as denaturant, 
together with about + of one per cent of petroleum naphtha. The 
ethyl alcohol and water are present in the proportions of 91 per 
cent and 9 per cent by weight respectively. Omitting the trace 
of naphtha we have a.pproximate1y:- 

Ethyl alcohol ..................... 
Wood spirit ........................ 10'0 ,, 
Water .............................. 8'1 ,, 

81.9 per cent. 

From the known latent heats of evaporation of the various 
substances we can make a table expressing the percsntap of 
the heat given out in the combustion of any fuel which is required 
for its own evaporation, and also in a parallel column we can give 
the comparative amounts of heat necessary in the case of each 
fuel to evaporate so much of it aa would be required to generate 
unit amounts of heat, taking petrol aa unity (see Table IV.). 

TABLE I V .  

Petrol .................... 
Benzol .................... 
Ethyl Alcohol.. ............ 
Methyl Alcohol ............ 
Methylated Spirit .......... 

Percentage of Heat 
of Combustion for 

Evaporation. 

0.70 

1 *04 

3.26 

5.30 

4.17 

Relative* 
Carburettor 

Heat Required. 

1.00 

1-60 

7.57 

16.40 

10.67 

The second column gives the relative amounts of heat which it is necesaary 
to oonvey to the fuel in the carburettor for its evaporation on the assumption 
that the various fuele are used in quantities inversely proportional to their heat 
value. 

 at UNIV OF VIRGINIA on June 5, 2016pau.sagepub.comDownloaded from 

http://pau.sagepub.com/


SOME EXPERIMENTS ON MlXED FUELS. 63 

It is no cause for wonder, therefore, that even running was not 
attained with methylated spirit in use until the carburettor jacket 
and intake jacket had attained a temperature of about 160" F. 
!This was expected, and preparations had been made for keeping 
the fuel intake pipes warm by fitting special jackets, fed from 
the hot circulating water. 

As both methylated spirit and admixtures thereof with benzol 
behave much more like homogeneous bodies during evaporation 
than do commercial petrols, the inherent d3Ecdties in making a 
suitable carburettor axe certainly ndt increased, neither does the 
utilisation of a considerable proportion of the heat of the jacket 
water from the engine detract from the possibilities of their use. 
To reduce the work of the radiator by making uee of what would 
otherwise be waste heat is B step in the right direction. A parallel 
ease in the iron industry wm the application of the wmte gases 
from the blast furnaces to h a t i n g  the ingoing air-resulting in 
economies of fuel amounting in the aggregate to many milliona 
sterling per annum. 

In  the first series of experiments carried out by Messrs. Craig 
and Napier, there was one isolated experiment on an admixhum 
of equal parts of benzol and methylated spirit, the results pf 
which are shorn on all the curves by the presence of a black 
circle. In view of the rdatively low fuel consumption shown by 
this single experiment, it was decided to have a further se- 
carried out on an admixture of equal park of methylated spirit 
and 50's/90's benml, it9 well as with methylated spirit and ordinary 
90's benzol. The results from these two mixtures were so much 
alike that it was decided to incorporate both series in one c w e  
ShOWn as a dash-dash line in the b.h.p. diagrams (Fig. 2). An 
examination of the b.h.p. curves and the fuel consumption curvea 
(Fig. 3) points to some interesting conclusions. I n  the first place, 
it is interesting to note that the benzol and petrol curves ;lun closely 
parallel up to about 1,200 revs. per minute, after which benzol 
efficiency falls off and the consumption increases. A like falling 
off, but in still higher degree and commencing at  an earlier point, 
is evidenced in all the alcohol mixtures. 

The low results of the mixtures rich in methylated spirit point 
to the probable conclusion that the rate of propagation of flame 
in these mixtures under the conditions of the experiment waa 
not sufficiently rapid, and this is 'borne out by Messrs. Craig and 
Napier's report, wherein they state that the exhaust valve showed 
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greater signs of overheating as the amount of alcohol present 
increased. The compression in the Maudslay engine was com- 
paratively low to begin with, and the author thought i t  would be 
of interest to find out how far this initially low compression was 
further lowered by carburettor throttling. From the curves 
showing the b.h.p. consumption in  pints, together with the 
b.h.p.  curve^, and a knowledge of the specific gravity of the 
fuels employed, it was possible to mlculate the number of minutes 
which the engine ran on each fuel whilst consuming 1 l’bi. of 
ihe fuel, then from the total number of revolutions made i n  this 
given time it was easy to find out the volume swept by the pistons 

Petrol. 
. , , , , , . . . . , . . . Benzol. 
- - - - - - - - 1-1 Alcohol-Benzol. 
- . - . - . 2-1 Alcohol-Benzol. 

FIO. 5.-Percentage Charge. 

on the suction stroke with each fuel. These results are embodied 
in Fig. 4, and in this same diagram are shown what may be called 
basis lines, giving the theoretical volume which would be required 
in the case of each fuel for the consumption of 1 lb. of it. 

The interrelation of these curves is not readily comprehensible, 
so it wa6: decided to express the results in the form of pementage 
curves (Fig. 5). Suppose in the case of any one fuel that tho 
space actually swept by the pistons during the consumption of 
1 lb. of fuel were 8,000 litres, and assuming that the same fuel 
required 4,000 litres for its perfect combustion, we would say 
.that the charge efficiency was only 50 per cent. It is obvious 
0 KNANDT. F: 
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that this figure is made up of two components. If the carburation 
were perfect, it would be measure of the volumetric efficiency, 
but knowing as we do the tendencyof most carburettors to give a 
richer mixture a t  high speed, and recognising the greater tendency 
to wire-drawing in the carburettor a t  high speeds, we realise that 
the percentage curve merely poinb to the fact that in  all prob- 
ability the volumetric efficiency mas very low in the w e  of the 
alcohol mixtures, being lower in proportion as the alcohol formed 
a greater percentage. In  view of the statement that the exhaust 
in all cases was practically odourless and free from visible fumes, 
we may conclude that in  no case was there such shortage of ail4 
as to render this of moment. From Table 11. we learn that the 
volume of air required per lb. of fuel is little more than half in 
the case of methylatad spirit, and knowing that the air intake 
to the carburettor during the experiments had to be contracted 
to give the highest power development, it is virtually certain 
that that curve may be taken as representing more or less accu- 
rately the volumetric efficiency. 

It is much to be regrettad that analyses of the effluent gmtw 
were not made, as these would have allowed the curve to be analysed 
into its two constituents. It will be seen that in addition to the low 
compression, the engine when running on alcohol was additionally 
handicapped by obtaining a diminished charge. In  spite of this, 
in the case of the 50 per cent mixture, the power developd 
up to 1,100 revs. per iiiinute is practically equal to that of petrol 
and benzol, but above this point it falls off rapidly. 

In  order to get a further insight into the physical operation 
involved, the thermal efficiencies mere calculated, and are ex- 
pressed in Fig. 6 .  I t  is interesting to note that the thermal 
efficiency of the 50 per cent mixture is so much higher than ally 
of its competitors, though the sudden drop in efficiency from 1,100 
revs. per minute is very strongly pronounced. We may assuine 
that up tol 1,100 revs. per minute, in spit0 of low compression, 
rendered lower by the low volumetric efficiency, the rate of the 
propagation of the explosion mas sufficient to enable, if not the 
full, still a sufficient, power to be exerted conjointly with a com- 
paratively high degree of thermal efficiency. 

I n  his Presidential Address, Mr. Critchley stated that the com- 
paratively slow combustion of alcohol-air mixtures must be accom- 
panied by diminished efficiency. The autholr ventures to think, 
both as a result of his own experiments and a consideration of 

 at UNIV OF VIRGINIA on June 5, 2016pau.sagepub.comDownloaded from 

http://pau.sagepub.com/


SOME EXPERIMEKTS OX MIXED FUELS. 6? 

those of Junkers and others, that the highest thermal efficiency 
will be obtained from that fuel mixture whiah burns a t  a minimum 
rate, which rats wi l l  be dependent on the piston velocity it is 
desired t~ employ. Petxol-air mixtures which are inflammable 
within very narroIw limits, burn with tremendous rapidity, result- 
ing in exceedingly high tempersture, with all its concomitant 

mV0. PER IUNUTE. 

- - - - - - -  - 1. Benzol. 1. Meth. Spirit. 
- . - - - . 2. Meth. Spirit. 1. Benzol. . . . . . . . . . . . . . . 90’8 B e n d .  

Petrol. 

FIG. 6.-Thermal Efficiency Curves. 

disadvantages of high instantaneous pressure and tremendous 
radiant heat b ~ e s  in the cylinder head. Prof. Junkers estimatae, 
as the result of his experimental work, that of seven units of heat 
lost through the cylinder walls, five passed through th0 cylinder 
heads, and only two through that part of the cylinder covered by 
the piston, under the special conditions employed by him. His 
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experiments were carried olut under very high pmssums, but the 
deductiops are applicable in our cwe. So much impressed waa 
Prof. Junkers with the results of his experiments that in his 
paper, read before the Schiffbautechnische Gesellschaft a t  Berlin, 
0x1 the 24th November, 1911, he lays down as an axiom that to 
obtain a high efficiency it is necessary that the temperature 
throughout the whole cycle shall be as low as possible. I n  spite 
of the disadvantage of low compression, the high thermal 
efficiency obtained with the alcohol mixture strongly supports 
this point of view. In the case of mixtures containing over 
50 per cent of alcohol, where the actual compression was even lower 
than in the case of the 50 per cent mixture, and where the rats 
of propagation of flame must have been oonsiderably lower in 
consequence we get less power and less thermal efficiency, and 
we get confirmatory evidence in the overheated exhaust valves 
that we have infringed the minimum rate of flame propagation 
referred to above as leading to efficiency. 

In view of the experimental results so far obtained, it w a ~  
obviously desirable to carry out further experiments on engines 
of the same compression, but with large valve openings designed 
to run normally at  higher speeds than the Maudslay engine. 
The author was fortunate enough to obtain the kind permission 
of Mr. Coatalen and the Sunbeam Motor Car Go., Ltd., to repeat 
these experiments at their works on a standard car engine having 
a cornpression exactly equal to that of the Maudslay engine, 
but with cylinders 80 mm. x 150 mm., and such valve opening 
and lifts as enabled a speed of 2,000 revs. per minute to be easily 
attained. The results of these experiments are recorded in Table V., 
from which it will be seen that, using a Claudel-Hobson carburettor, 
with only such adjwtments as could be got by altering the size 
of the jet and adjusting the air inlet, it wa9 poseible to obtain: 
slightly higher powers from the Sunbeam engine at  anything 
up to 2,000 revs. per minute than the same engine gave wheh 
running on petrol. The consumption experiments were only 
carried out with the 50 per cent mixture, and in the time at  thei 
author’s disposal it was impossible to repeat the whole of the 
work carried out by Messrs. Craig and Napier. The results, 
however, are quite sufficient to show that even with the much 
higher piston speed of the Sunbeam engine, and with the slight 
increase in actual compression obtained under the new working 
conditions, it was possible to get an explosive mixture n:hich 
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would burn rapidly enough to exert at least as much power 
m petrol in an engine with a piston velocity of about 2,000 fb. 
per hinuts. 

TABLE V. 
Sunbemu Engine 4-Cylinder 80 mm. X 150 mm. 

601b. Compression. 

Fuel. 

Petrol . . . . . . . . . . . .  
Alcohol-Benzol 1 : 1.. 

Alcohol-Benzol 2 : I. 

- 

'et No 

125 

125 
135 

140 
145 

135 
145 

145 
150 

_- 

Lb. Pull at 

1,000 
-.p.m. 

. .  

. .  

. .  

. .  .. 

.. .. 
119 

123 
.. 

1,400 
:.p.m. 

119.6 

92.5 
123.0 

125.0 
122.0 

106 
110 

110.5 
120 

- 
2,000 
r.p.m. 

93.0 

i i . 0  

91.0 
94.0 

65 
75 

78 
90 

Remarks. 

Jet too small. 
Jet too smallfor 

high speec?. 

Better at high 
speeds, worse 
at low ape& 

Jet too small. 
Inlet very cold. 

Inlet warmed. 

Consumption test on Alcohol-Benzol 1 : 1 :- 
Ib. Pull at Tim0 in 

1,400 wmumlng 
Jet No. r.p.m. 1 lb. Fuel. 

135 .............. 109 .............. 2' 46" 
- - - 

140..  ............ 114..  ............ 2' 45" 

Thermal efficiency. ..... 22.6 per cent. 

Percentage charge. ..... 72 per cent. 

By supplying the engine with fuel through a flexible pipe 
from a weighted fuel container it waa possible to take the 
actual time employed in burning 1 lb. of fuel, and from this to 
oalculate that the thermal eEciency at 1,400 rem. per minute 
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was 22'6 per cent, and that the percentage charge waa 72. 
A slightly richer mixture and a slightly higher oomprkon  
permitted the straightening out that portion of the curve from 
1,100 to 2,000 revs. per mipqte. The resulta bear out the con& 
tention that the highest e5ciency will result from the use of the 
weakest possible mixture which will burn with the required 
velocity, and the fact that the combustible range with air k 
greater than in the w e  of petrol is an advantage possessed by 
alcohol. It enables us to retain the actual compression by simply 
weakening the mixture, and aa the modern automobile engine 
r u n s  for the greater part of its t ime  much below its rated capacity, 
this means that, using alcohol mixtures, we should be running, for 
the most part, on that portion of the curve where the thermal 
efficiency is greatest. 

It is not to be expected that a t  the first attempt we should in 
any way approach the limits of what can be dbne even undep 
existing conditions. When we consider the amount of work which 
has been done and the enormous sums of money which have been 
spent in endeavouring to make the present-day carburettor fitted 
€or petrol fuel, we can hardly expect a few experiments such aa 
these to do more than point the way for future development. 
In order to find out how the mixed fuel would behave under 

road conditions, the Sunbeam Company very kindly placed a 
new car at the author's disposal, arranging matters so that a 
change over could easily be made from petrol to the mixed fusl. 
A new chassis which had just been passed from its trial run was 
taken out and sent up a hill, which with a flying rJtarf at 20 miles 
per hour could just be climbed on top gear, as was demonstrated 
by aotual trial. The No. 125 jet in the carburettor was replaced 
by a No. 135 jet, without any other alteration, and the new 
fuel w w  switched on. At the first attempt there was continuous 
back-firing into the oarbuxettor, showing that the mixture waa 
too weak. This was only evident during the hill climbing, and 
WM no doubt largely due to tlm much higher gravity of f i h s  

new fuel, for which the float had not been weighted. On a second 
attempt the air supply waa considerably diminished, and an in- 
meased suction thus obtained on the jet, and on this occasion the 
hill was climbed in spite of a traffic check half-way, at least ets 
well as when running on petrol, and a run in traffic demonstrated 
the more elastic pulling of the new fuel. 

Experiments are rlow being carried out on an engine with not only 
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considerably higher compression, but also with a very high piston 
velocity, and the author thinks there is little doubt but that results 
much more favourable to alcohol will be obtained even when 
working on mixtures containing a higher percentage of the 
thermally poorer fuel. 

A point in these experiments which is of some considerable 
interest is the fact that it was impossible to discover any appre- 
ciable difference between methylated spirit when mixed with 
ordinary 90's benzol or when employed with 50's/9O's benzol. 
Of course, 90's benzol is the material at present sold for Fotor 
purposes, and the term means that 90 per cent will distil below 
100" C., whereas 50's/90's is a mixture chiefly of benzol and toluol, 
50 per cent of which will diBti1 at 100" and 90 per cent at 
120" c. 

Further experiments, not yet completed, go to show that 
" straight run " naphtha, that is, the whole of the distillate boiling 
between 80" and 160" C., can be equally well employed, and in 
such a case the amount of fuel available from gas works tar 
would be increased from 300 to 400 per cent, whereas the increase 
in coke oven fuel would be from 20 to 30 per cent. 

Before coming to his conclusions, the author must refer to a 
point which has been raised very frequently, namely, the possi- 
bilities of corrosion from the use of alcohol mixtures. This was 
a matter which he went into very thoroughly when on the Con- 
tinent, where were seen a number of alcohol engines, some of 
which had been running twelve to sixteen hours per day for periods 
up to eight years without showing the slightest sign of corrosion 
which could be attributed to acid produdion. It must be remem- 
bered that acid in the firat place is only produced as a result of bad 
carburation and consequent incomplete combustion, and, further, 
that the acid products so formed are not capable of corroding 
metals in  the absence of liquid water, and that consequently such 
corrosion as may o c m  will be relegated to the silenoer, where the 
conditions allow of such condensation, and play no r61e in  the 
engine itself. 

The author was careful to point out to The Autocar when 
beginning these experiments that they had embarked upon an 
investigation which, for its complete resolution, required the col- 
lateral investigation of many factors. The whole of the motor 
industry, in so far as use is made of internal combustion engines, 
bas hean developed with a view to producing machines capable 
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of employing one fuel, and the industry as a whole has waited 
inactive until the rise in the price of that material, which is the 
very eaence of its existence, has marked the fact that the demand 
is increasing more rapidly than the supply. The motor industry 
is like a huge inverted pyramid, and not until we have a fuel 
available, the production of which lies practically within our own 
control, can it be stated that this dangerous position of affairs hae 
been altered. In many of our Colonies geographical and other 
conditions render the provision of the petroleum products almost 
impossible, whilst many of these same Colonies are particularly 
favourably situated for the production of alcohol a t  an extraordi- 
narily low price. 

It wm indeed gratifying to read that the Imperial Motor Trans- 
port Conference einphasised the necessity for pioneer work not only 
with a view to investigating the raw materials and the cost ,of 
production of alcohol throughout the Empire, but also pointed 
to the need for scientific and technical investigations in the direc- 
tion of its correct use. It is to be hoped that the motor industqy 
as a whole will associate itself with this view, and will begin to 
realise that it is not a cry of “Wolf I ” but a real and pressing danger, 
and that it behoves them to accept the warning given them by 
such eminent authorities as Sir Boverton Redwood and Prof. 
Lewes, whose sympathies would surely be with those industries 
with which their names are so closely connected, were they not 
convinced of the justice and the certainly of the. case for alcohol 
which they have recently advocated so ably. 

The conclusions the author draws from the foregoing results in 
conjunction with the best existing literature are:- 

That the modern high speed petrol engine will run on a half- 
and-half mixture of benzol and alcohol with as much power, 
%exibility, ease of starting, silence and economy in consumption 
as with its ordinary petrol fuel, and this with merely slight modi- 
fications to existing types of carburettors. 

That the efficiency of a modern high speed engine put to run 
on alcohol mixtures is in%uenced by compression to a degree which 
has so far been unexpected. This, in turn, points to the necessity 
for scientific investigation on carburation, with a view to more 
complete gasification of the fuel, and the provision of adequate air 
supply with minimum throttling. 

Further, that, as Mr. Pomeroy has pointed out, just aa the 
defects of carburation have been emphasised by the growing ten- 
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dency towards increased speeds, so these experiments point to the 
conclusion that defects in carburation are still more emphmised 
when alcohol is a constituent of the fuel. 

That the experiments bear out the contention made in the intra- 
ductory part of this paper that progress towards the final goal of 
using alcohol virtually as the sole fuel is to be sought by experi- 
mental work on mixtures containing gradually diminishing 
amounts of benzol; and that these experiments in conjimotion 
with others made in France and Germany certainly point to the 
possibility of the elimination of all but that very small percentage 
of benzol which is probably desirable on excise grounds as well 
as to aid in ease of starting-the influence of benzol being out 
of all proportion greater than the small quantity employed. 

But over and above everything, the author wishes to emphasise 
the immediate need for further experimental work, not only on 
the lines here attempted but to obtain certain physical data on 
the rapiditj of the propagation of flame under varying conditions 
of temperature and prwure whiuh at present are lacking. 

Finally, the author wishes to express his appreciation of 
the kindness of Messrs. Iliffe & Sons in allowing him to bring 
to the notice of the members of this Institution the results of 
investigations which were carried out entirely at their expense 
and originally intended for first publication in The Autocar. 
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THE DISCUSSION. 

Mr. H. W. STANER, in opening the discussion, said: I should 
like to emphasise what the author has said aa to the great need 
for further experimental work in connection not only with alcohol 
but with every other aspect of the liquid fuel question, and I am 
sure that all will endorse his remarks where they tend towards 
urging a full investigation of these questions which so intimately 
concern us all. I think, too, that, without indulging in any flights 
of imagination, it is not going too far to say that, so f a r  as OUT 
present knowledge is concerned, it seems almost impossible that 
we can ever get sufficient fuel from benzol alone, and that i f ,  while 
that output is developing, we can also develop alcohol, and run them 
together if needs be, we shall at any rate show the possibility of 
enlarging the supply, which is altogether inadequate at the present 
time. In  other words, the experiments, so fax as they go, surely 
show this much, that alcohol and benzol used in equal propor- 
tions, although not working under the best conditions for either, 
have given a result which is approximately equal to that which 
can be obtained with petrol, despite the fact that the engine used 
was designed to use petrol. Those experiments, small as they are 
compared with the work which remains to be done, are at least 
very encouraging, and I think everyone will agree with me that 
if the author has done nothing else he has at least shown us 
to-night that we should not turn back from the work we have 
set our hands to, and that it is a work which is so large that it 
must be undertaken by a committee such as that which has been 
appointed by the Imperial Motor Transport Conference. 

Mr. W. A. HALL: I do not know a great deal about the utilisa- 
tion of alcohol in internal combustion engines, though I have 
watched its progress, or lack of progress, with some interest for 
quite a number of years, and it seems to me that thus far it has 
been more of a commercial question than a chemical one. I f  the 
existing motor fuels become exhausted, or i f  the demand is so 
much in excess of the aupply, other fuels must be found, and I 
have not much doubt but that means will be found to utilise alcohol 
successfully. The tests that have hitherto been made in motor 
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cars, without changing the compression or make-up of the 
engine materially, have not met with any degree of success, but 
it is, I think, most desirable that any new fuel should be inter- 
ahangeable with any other fuel, so that either fuel could be used 
if one or the other were unobtainable. Any fuel which required 
a specially constructed engine or any parts thereof would raise 
practical difficulties. I hope to hear further discussion on the cost 
of producing alcohol, as I have heard that ethyl alcohol can be 
produced at 6d. a gallon. If that is the case, why is it not pro- 
duced at that price? There is a great demand for ethyl alcohol 
at the present time, and there are many large works in many 
lands producing it, and for many years there has been much 
intelligence developed in the construction of machinery for its 
production. There has been a sufficient demand for it, and yet 
the cost at the present time, as far as I am informed, is fa r  in 
excess of what we are told that it can be produced for. Is it 
'likely that any extra demand will bring the price down? I think 
there is a very great possibility in the utilisation of alcohol in 
admixture with benzol or with other ingredients, though so far it is 
unfortunate that all the admixtures that as far as I know have 
been suggested (openly) have cost as much as or more than the 
alcohol. Benzol, to be sure, is somewhat cheaper, but benzol is 
not an extremely cheap motor fuel to-day; it was a few years 
ago, but the moment it was discovered that it could be used aa 
motor fuel it found its own level very quickly. 

Dr. W. WATSON: The author does not say how he started the 
engine. In Fig. 1 a petrol tank is shown connected up: was the 
engine started on petrol or on these mixed fuels with the engine 
cold? Will the author also inform us whether the thermal e5-  
ciency which he gives is measured on the brake horse-power? 

Dr. ORMANDY: Yes. 
Dr. WATSON: Then I am not quite satisfied with the odourless 

exhaust as fixing the strength of the mixture which is used in 
the engine, because in the case, say, of petrol, which is a fuel 
with which I have made experiments and am rather familiar, I 
should like to point out that the thermal efficiency in a good 
engine can he changed from 17 per cent to 28 per cent without 
either smoke appearing in the exhaust, and without, as far as can 
be detected by smell, any change in the chemical composition of 
the exhaust. Here, then, is possibility of error, which is equal 
to 30 or 40 per cent in the thermal efficiency, so that in some 
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(Dr. Watson.) 
of these experiments for which curves for different fuels are given, 
I should be inclined to interpret them rather as showing differ- 
ences of thermal efficiency for different strengths of mixture, while 
the thermal efficiency for the various fuels would be very much 
more nearly alike. On p. 63, the author suggesta that the horse- 
power obtained with mixtures rich in methylated alcohol was low 
on account of the slow rate of flame propagation, and the gentle- 
men who carried out the experiments seem to agree with this. 
I should like, however, to point out that little support is given to, 
that suggestion by the curves themselves, such as in Fig. 3, 
where the pints per brake horse-power hour for these various 
fuels are given, and the curves are very much alike. For imtance, 
the curve for half benzol and half methylated spirit and that for 
petrol are nearly parallel, and if the slow burning waa important 
it would show itself at slow speeds. From my own experiments 
on petrol, I have no doubt but that at these slow speeds of 700 
revs. per minute a large decrease in the speed of the burning of 
the fuel would not affect the results. In further connection with 
this question of slow burning, on p. 67, the author uses the term 
“tremendous rapidity.” May I point out that the maximum 
rapidity in the case of petrol-air is 7; ft. per sec.? The reason 
why it fires so much more quickly in an engine is not because it 
burns more quickly, but because there is turbulence in the cylinder 
of the engine, so that the flame is really transported by convec- 
tion currents. If measurements are made of the speed of pro- 
pagation of a flame in a petrol-air mixture in a cylinder where 
the convection currents have died down, it will be found that the 
maximum speed observable is 74 ft. per sec., and although alcohol 
may burn more slowly than that, it is only very slightly so; I 
think it would also be found that the rate of burning in practice 
in a petrol engine depends more on the shape of the comhstion 
chamber, i.e., the extent to which it allows these convection cur- 
rents to persist. Another fact is that, with a high enough com- 
pression, the whole temperature of the oombustible mixture may 
be raised by the compression to a point at which a very slight 
further increase in pressure will cause it to start burning through- 
out, in which case the whole of the mixture starts burning simul- 
taneously in place of the flame being propagated from part to 
part. What happens, particularly in racing engines, is, I take 
it, that when the charge is fired at a given point in the combus- 
tion chamber, the temperature is already so high with the high 
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compression that the very little increase in pressure brought about 
by the combustion of the first particles of the mixture will cause 
the whole of the mixture in the chamber to burn simultaneously, 
which brings about-the phenomenon which is familiar to us as a 
“knock.” The knocking is simply the change from the slow 
propagation to the case where a little extra pressure, due to the 
combustion initiated by the spark, makes it flash right mross, 
and that that is a true explanation I think may be gathered from 
the well-known fact that knocking can be stopped by retarding 
the spark. If, however, the compression is so much raised that 
it fires without the spark then pre-ignition will continue, and the 
engine pulls up. It is true that pre-ignition is an unstable condi- 
tion; it advances more and more every time the engine fires, that is, 
the charge pre-ignites earlier and earlier. Another way in which 
the charge burns is through what I may call “pinking,” and 
that pinking ” sensation, which is quite distinct-it is a detona- 
tion like a little hammer being struck on the side-generally 
means that the combustion chamber is so shaped that there is 
resonance in the acoustical sense between the parts of the chamber, 
and that when the spark passes a true detonation wave is set up. 
This can be entirely cured by moving the sparking plug to another 
point, or by slightly altering the relative volumes of the parts of 
the chamber. I think the author will find that the actual differ- 
ence in speed of propagation in alcohol mixtures and petrol is 
infinitesimal. The difference lies in the fact that the alcohl- 
benzol mixture haj to be raised to a very much higher temperature 
by compression before it will fire all through, causing very rapid 
ignition. The author, in his advocacy of alcohol, seems to me 
to be trying to have it both ways. In one place he says that the 
advantage of the slow burning of this alcohol mixture was to give 
him small pressures, but slow burning means that the top of the 
indicator diagram will be rounded instead of having the ordinary 
peak. Then in another place he recommends high compression 
pressures with alcohol mixtures, but high compression pressures 
simply build the peak up again and give high temperatures corre- 
sponding. to the advanced ignition. 

Dr. ORMANDY: Corresponding to a weak mixture. 
Dr. WATSON: That is my last point. Probably my experi- 

ments, quoted before this Institution some years ago, were about 
the first in which this question of strength of mixture had been 
worked out in detail for a large range of mixtures and speeds, 
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and I there pointed out that i t  is quite true that, as the mixture 
strength is decreased, the thermal efficiency increases. This goes 
on up to a certain point, and if weaker mixtures than this are 
used the efficiency drops. If, however, mean effective pressure is 
plotted against mixture strength, then the curve falls rather 
rapidly at about the strength of mixture which gives maximum 
thermal efficiency. With a stationary engine, working at constant 
speed and load, it is quite possible to work with a mixture which 
corresponds to the sloping part of the curve. If, however, this is 
attempted with an engine in which the speed and power varies to 
any great extent, then with actual carburettors the mean effective 
pressure varies to a great extent, and the car will be uncomfortable 
to drive. Mixtures corresponding to the horizontal part of the curve 
must be used in the case of such an automobile engine when the 
speed, and, further, the load, vary very much, for there the mean 
effective pressure does not vary much with mixture strength, a9d I 
do not think the author has quite emphasised sufficiently the reason 
why it is that increased efficiency is obtained with these weak 
mixtures, a he has put it that it is simply because it is dilute 
that he got his low temperatures. It is the fact that the specifio 
heat of gases increases rapidly in temperature when employed 
in  internal combustion engines, so that the specific heat of the 
working fluid goes up as the temperature rises. Therefore, a 
given amount of heat communicated to the fuel raises the pressure 
less and less because there is more heat required to raise the 
temperature of the gases, and it is with this kind of specific heat 
that theso weak mixtures are an advantage. Otherwise the mix- 
ture which gives complete combustion would be the most efficient. 

Mr. A. E. VON GROELING: We have heard much about the 
alcohol question and also benzol, and the author mentioned that 
benzol, in his opinion, has comparatively little chance of com- 
peting on the fuel market. I think that is rather a strong 
expression. A comparison of figures of the benzol production in 
Germany will show that the German production has increased 
tremendously during the last five years. I think that must be- 
due, not to poor quality, but to the more e5cient benzol recovery 
plants, and to a larger extent to the use of coke ovens intended 
more for by-product recoveries than for coke and gas production 
only. If we here in the United Kingdom would pay more attention 
to by-product recoveries and not worry so much about what to 
do ;with the coke, we might succeed in having a greater output of 
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benzol. The question of coke seems to trouble many of us, but 
I think there is not much reason to do so. The Prussian Govern- 
ment has made experiments with coke on railways, and the re- 
sults obtained were exceedingly good. For instance, it did away 
with the emission of sparks, which, on German railways, is a 
factor which costs many thousands of pounds a year. Coke is a 
better fuel; it does not deteriorate, it is easy to stoxe, and it is 
lighter, and I think it is more economical. I am particu!arly 
anxious to lay stress upon the fact that it is not necessarr 
to have a sort of record in coal export. I think that for 
a country so wealthy in good coal as Great Britain-which has, 
perhaps, the best coal produced in the world- to export all her 
coal into foreign countries when she could use that coal in her 
own country, producing by-products more valuable than the raw 
coal itself, is a wrong policy. I think we had better keep the 
coal in our own country and make the best of it. Some people 
here advocate alcohol, others benzol, and yet others chemically- 
treated paraffin oil and the cracking processes. In  a country 
which has such a tremendous consumption of motor spirit-at the 
present moment we are supposed to exceed a hundred &on 
gallons per annum, and we will not stop there-there is room for 
all fuels. There is room for alcohol, for benzol, for chemically- 
treated paraffin, if  it can be got cheap enough, which is always 
the question, and there is also room for the crack products., 
Chemically-treated parafEn oil, as fa r  as my calculations allow, 
is a t  the present moment boomed because there are several re- 
fineries in various muntries that have an over-production of 
kerosene, and they do not know what to do with it. It cannot 
be sold in New York or in Roumania, and yet they all live on 
petrol. They say that if paraffin oil-and they favour Roumanian 
mixed with American paraffin oil-is treated chemically, a tre- 
mendous percentage of petrol can be obtained. There is also a 
certain percentage of petrol in the kerosene itself, a percentage 
which, of course, has lately been consiaerably cut down. There is 
one factor in distilling crude oil which has escaped mention-the 
petrol in crude oil which used to be rather a nuisance. Everybody 
tried to get rid of it, and everybody tried to get as much kerosene 
as.possible, because it was the material, but this changed, and 
now it is petrol that is wanted, and everybody wants to get as 
much petrol from this crude oil as possible. The result is that 
the crude oil distillation is worked on different lines altogether. 
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Instead of keeping as much petrol as possible in kerosene pro- 
ducts, aa much petrol as possible is drawn off, and this means the 
fighter petrols and also those which have been called benzene, and 
which have been used as a so-called white spirit and not properly 
as petrol, something between 0'760 to 0'780 specific gravity, 
and which can be used as motor spirit in case of need. But there 
is very little petrol left in kerosene nowadays, and a system which 
treats kerosene chemically and reckons on such petrol should be 
based upon that fact. In these remarks I am not attempting to 
discourage any endeavours to find a proper process with the 
chemical treatment of paraffin oil as its basis in order to find 
some means to make petrol or motor spirit in a cheap way. I 
should like to say, too, that I think that cracking processes have 
a future, a very good future indeed, particularly if  they deal with 
cheap oils and waste oils. Of course, as in everything, the qualities 
and the capabilities of the cracking plant must be studied, and 
it must be ascertained whether the oil which is to be treated is 
better suited to larger cracking surfaces or to smaller, and whether 
it is better suited to a high or to  a low temperature crNking 
process. Altogether hydro-carbons are very difficult to deal with, 
and a cracking system is probably one of the most difficult as far 
as the petrol question is concerned. A process may give wonderful 
results with an oil that cracks very easily, whereas with another 
.oil which does not crack easily it may give quite different results. 
The process must therefore permit of changes, of a proper tempe- 
raturo regulation, a proper pressure regulation, and so on. It 
is therefore a question of much experience with hydro-carbons, 
whether or not a cracking plant is to  be a commercial success. 
In conclusion, I would once more point out that our endeavours 
should not be directed to booming one motor spirit or one fuel 
,only, but we must pay heed to anything that appears, whether it 
is a cracking process or a chemical process, and I hope that in 
time we shall succeed in creating an industry for motor fuels, 
each of which, although differently produced, will be able to exist 
beside tho other, and when working to the same end will bring 
relief to all those interested in motor cars, the motor industry, 
and to all those companies and business undertakings which 
depend on the proper solution of the fuel question. 

Mr. R. W. A. BREWER: I am very much interested, md I think 
it must also be a great gratification to  those who laboured on the 
old Motor Union's Fuel Committee, to note that the work of that 
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Committee has not been thrown away, although it has been kept in  
the ’background for so long. Although, of course, we only have a 
few figures placed before us to-night, it is obvious that a very large 
amount of experimental work has been carried out, and, personally, 
I must regret that certain measurements, which I think are vital 
to a true conception of the whole question of alcohol, have not 
been embodied in the paper. Already allusion has been made to 
the fact that samples of the exhaust gases were not taken. Of 
course, we cannot expect a private individual or firm to go to very 
lengthy and expensive methods in order to ascertain facts which 
are for the benefit of the general public, and we must thank the 
proprietors of the Autocar for going as far as they have done. 
I think, however, that the author has endeavoured to draw more 
conclusions from the experiments he has made than are justified 
by the facts he had before him. For  example, Dr. Watson has 
already referred to the deductions which have been drawn with 
regard to thermal efficiency from figures of fuel consumption. 
In  Table III., p. 55, the author gives figures showing the 
B.Th.U’s. per volume of perfect mixture, and I should like 
some information from him as to how these figures in  the last 
column have been arrived at. He specifically stated that the 
thermal value of the fuel is approximately in inverse proportion 
to the air which is required. I should like to refer the author to 
Eitner’s figures for the limik of explosive ranges of the three 
fuels we are thinking about at  the moment. Possibly, his figures 
are different from those of Eitner, but as an example I take the 
figures of the limits of the explosive ranges of petrol and alcohol 
(see Table VI.). I n  round numbers, the lower limit for petrol 
is 2 per cent and the upper limit is 5 per cent of vapour to air, 
and in the case of alcohol, 8 per cent to 12 per cent, and whether 
it is by some system of averaging or not, I do not quite see how 
the amount of air has been worked out to give the figures included 
in the last column of Table 111. I merely want to call attention 
to that, but this whole question of the proportions of the mixture 
is undoubtedly of very vital importance in studying this paper. 
Next, I will turn to the curves shown in Figs. 3 and 4, and I will 
take the top curve, for example, at  1,000 revs. per minute. We 
find that the consumption of benzol and of petrol is a certain 
figure, but if we look at  the thermal values of those fuels and use 
certain figures which are given in the paper, we find that the 
relative thermal value per unit volume is of the order of 1-29 to 1 
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as regards benzol and petrol; modifying the figures represented 
by the curve, we find that the benzol consumption is, without 

- hwer. Upper. 

Benzene Vapour .......... 
Alcohol.. . . . . . . . . . . . . . . .  
Petrol .................. 

6.50 
12-00 
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2.65 
8-00 
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- 
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- 
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5 
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X 

__ 

TABLE VII. 

20 m.p.h. 
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ier hr. 

5.72 
7.3 
5.72 

- 

.. 
5-53 
5 -0 

.. 
7.45 

6.0 
.. 

__ 

- 
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28-0 

.. 
27.8 
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* .  
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. .  

- 
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. .  
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- 

- 
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24.5 
18.5 
26.2 

.. 
22.2 
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20.1 
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- 

FaL LOATJ. 

- 
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21.5 

. .  
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.. 
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- 
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17-6 
14.6 * 
15.4 

- 

.. 
15.7 t 
17.6 

.. 
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.. 

going into details, considerably higher than it should be, or else 
the petrol consumption is the reverse. So with many of the other 
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Gm. 

42 

14.6 

19.7 

56 

deductions in the paper with regard to these proportions of fuel 
mixture, there is a general trend in the fuel proportion, and, aa 
Dr. Watson pointed out, it must be very diflicult to ascertain, 
without exhaust gas analyses, exactly what the engine was doing. 
Possibly it was running very satisfactorily with a certain mixture 
of alcohol and air, but the fact that it waa running satisfactorily 
does not indicate that it was giving the results that it should 
have given with a little more precise methods. For example, in 
Table VII., the figures show that with certain fuels a very per- 
ceptible variation in power, or a very perceptible variation in 
fuel consumption, is obtained with variation in dimensions of the 
jet orifice, but with other fuels there is not that very marked 
difference. Thus, petrol is, in its behaviour, particularly suscep- 
tible to jet aperture, and that, of course, is also borne out in the 
figures in the paper and in what Dr. Watson said. 

The author has laid great stress on the importance of the latent 
heat of these particular fuels which we have under consideration, 
but he has ignored the fact that the viscosity of the fuels varies: 
as shown in Table VIII. If ,  instead of the trial and error methods 

om. 
80 

17.7 

22.3 

62-13 

TABLE VIII. 
VISCOSITY TEETS. 

Substance. 

1. Water 

2. Pure 90 per 

3. French 

. . . . . . 

cent Alcohol 

denatured 
Alcohol . . . . 

4. Pure Benzene , 

10. I 15. 

Temperatures degrees C. 
- 

20. 

Glm. 

91 

90.2 

25.3 

68.6 

25. 

Urm. 

101.5 

21.5 

28.3 

75.6 

- 
30. 

Urn. 

115 

25 

30.2 

a2 

35. 

am. 
129.5 

28 

33.3 

87.6 

40. 

Gm. 

140 

33 

36.5 

92.5 

of obtaining the correct jet size indicated on p. 70, consideration 
had been paid to the different viscosity of the two fuels, it would 
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probably have been fairly easy to ascertain directly the exact 
size of jet before starting, but this introduces another difficulty. 
It has been pointed out that the latent heat question is a very 
important one; in  fact, if heat is to be supplied to the vaporising 
apparatus which shall be equal to or greater than the latent heat 
of evaporation of the fuel, and supposing the engine is running 
at  varying loads and speeds, which, I take it, was not the case 
here, considerable difficulty will be experienced in so regulating 
the amount of heat flow from external sources to the vaporising- 
apparatus, that large rises and falls of temperature will not 
occur in the apparatus itself. The importance of this lies in the 
fact that the varying temperature which may come upon the 
apparatus will produce varying difficulties with regard to the 
amount of fuel which will come through the orifice of the car- 
burettor, provided the orifice is of fixed dimensions. As already 
pointed out, the limits of explosive range are, for alcohol, only 50 
per cent against 150 per cent for petrol. I n  other words, if the 
carburettor and the fuel are cold, the carburation may be right 
but it will be w o n g  when it is hot, or if it is right when the fuel' 
and carburettor are hot, too little fuel to give satisfactory working 
will get through when it is cold, and this question of heat must 
be borne in mind. After all, heat does not cost anything in the 
particular way we want it. It is obtained quite naturally from 
the exhaust pipe, and there is any amount of it. 

LORD MONTAGU: I would just like to refer to the fact that I 
had the honour to belong to the Departmental Committee of 
Somerset House which sat upon the question of industrial alcohol 
in the year 1903-4. At that time there was a very decided opinion 
in the automobile world that the use of alcohol was possible, and, 
indeed, probable, in the very near future. A ,good many years 
have elapsed since then and nothing has happened, at  least in this 
country. My first personal experience of the practical use of 
alcohol was in France in 1901, when RQnQ de Knyff tried it in a 
Panhard car, where i t  gave much more smoll than even the sulphur 
fumes of pure benzol. I do not deny that the difficulty of smell 
may be got over in course of time, but it is a very serious d m b -  
back to the use of that fuel. I would also call your attention to (the 
fact that, notwithstanding a very considerable bonus given by the 
German Government for the production of alcohol from potatoes, 
the use of alcohol for internal combustion purposes in Germany 
has not progressed to any considerable extent. Perhaps the author 
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may know the reason why it has not done so other than the de- 
duction which it is natural to draw that it was not altogether 
successful. I n  France equally all the manufacturers of alcohol of 
different kinds naturally tried to get this fuel accepted as a home- 
produced fuel, but there again it did not prove very successful, 
and I do not think there is a single motor car in ordinary use 
to-day running on alcohol. Then again, when we investigated 
the subject in that Departmental Committee, we had a great deal 
of evidence as to the possibilities of alcohol being produced froin 
sawdust and shavings, and leaves and wood, and all kinds of 
things, at  a price varying from' 1s. to 1s. 2d., but we had 110 

definite evidence that it could be used outside the laboratory at  
anything like that price, and as is well known, the production of 
wood alcohol is a process in  which acetone and other valuable 
products are taken out. In that process, I do not think it ever 
comes out a t  less than Is., and the usual duty on motor spirit 
would bring it to 1s. 3d., so that I do not see in that respect that 
it has very much advantage in price over petrol or benzol. I 
have no doubt, however, but that in the long run we shall get 
motor spirit other than a petroleum product; it  is very necessary 
and very important that we should do so, because no one who 
looks to the Olympia Show of 1913, or to the Show of ten years 
hence, i f  there is one, can ignore the fact that something besides 
petrol must bear the enormous burden which internal combus- 
tion engines will throw upon the consumption of liquid fuel. 
Therefore, it is quite essential, in discussing these questions, 
whether it is benzol, or alcohol, or petrol, or a cracking of petro- 
leum oils, to give a friendly reception to any experiments, and we 
must do our best to assist, and when we carp and criticise, as some 
of us are bound to do occasionally, we must see that our criticism 
is kindly and that our carping does not give offence. We must all 
try and get something more to bear the burden than'the fuels 
we have now got. I would like, however, to say in conclusion 
that i f  consideration is given to the possibilities there are of 
producing explosive mixtures, it is quite eloar that we shall not 
always be so dependent upon petroleum products. Dr. Ormandy 
knows better than I do that powdered coal may be used as an 
explosive. We might have all sorts of things other than alcohol 
mixtures, other volatile compounds, which are compounds in the 
sense of the word that they are compounded of alcohol, benzol or 
petrol, tar and vegetable oils, but whatever it may be, I think it 
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is quite clear that people like the author and those who have 
equally brought forward the question of benzol, have all done 
excellent service, and we are all interested in  obtaining a cheap, 
convenient and accessible fuel in  the future, and one which is not 
necessarily a petroleum product. 

Dr. H. S. HELE-SHAW: I should like to ask what practicd 
use is going to be made of this discussion. I see the leading auto- 
mobile engineers and the leading representatives of the automobile 
Press present, and I am sure that all will agree with me that we 
ought to try and turn this to some practical account. I was 
Chairman of that Committee of the Motor Union which has been 
mentioned to-night, and I should like in passing to say that 
I think the author w&s a little bit hard in hie remark that 
“ the Motor Union Fuels Committee in 1906 came forward with 
a number of resolutions urging the advisability of someone else 
carrying out research; and there the matter remained.” I cannot 
help thinking that he ends his whole paper with a. sort of 
recommendation of the same kind as he charges the Motor 
Union with doing, but it bears the moral as being all he himself 
is able to do. We were forbidden, by an agreement with the 
R.A.C., to do any scientific work. We were merely looked upon 
as people to recommend practical considerations. Our first con- 
clusion ought to have pleased the author very much, for we said 
that alcohol was a direction to which we must ultimately turn, 
That is nearly eight years ago, and we have heard from Lord 
Montagu that even two or three years before that a Committee of 
which he was a member looked hopefully to alcohol. We have in  
times of trouble often looked hopefully to alcohol, but I do not 
think t,he ultimate result has always been more successful or come 
up altogether to our expectations. 

We recommended the R.A.C. to carry out certain experiments, 
and they have done nothing until recently, when they have 
formed another Committee to make more recommendations, and 
we might, perhaps, be forgiven, and the author with u6, for 
thinking that Committees are not of much use. But I do not 
agree, because we must interest everybody and make them feel 
that the fuel question is the greatest engineering problem of 
the day. We were told eight years ago, by those who were 
interested, that there was a practically inexhaustible supply 
of petrol, and that we need not worry our heads on the sub- 
ject. A continuous rise in the price What do we see to-day? 
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of this inexhaustible article. Lord Montagu says, and we all 
agree with him, that we should look with friendly sympathy on 
any new fuel. Now I always find that friendly sympathy means 
in the end some cash consideration. As an instance, we all viewed 
with friendly sympathy benzol. I used it in Scotland this year, 
and I found benzol would take me better and further, and I could 
get up hills more effectively than I could on petrol. I also 
found, however, before I had completed that trip that benzol had 
risen to the highest price of Shell spirit, and the reason given 
was that benzol was so cheap that everybody wanted it, and then 
retailere could afford to charge the price they did. 

LORD MONTAGU: I forgot to mention that I used benzol in 1908. 
I have got the invoice now, and I paid 6+d. per gallon. 

Dr. HELE-SHAW: Lord Montagu has exactly confirmed what 
I want to point out to this meeting. I twant to ask for serious 
consideration of the question whether, with the assistance of the 
Press, we should not ourselves also take a part in this campaign. 
There are so many points arising that if we could only arrange 
to get some agreement amongst the different existing Committees 
as to different spheres of work, and to take our own part in this 
work, then the Institution of Automobile Engineers might render 
the greatest service as an independent body in this great ques- 
tion. 

The paper ends with these words: ‘ I  But over and above every- 
thing, the author wants to  emphasise the immediate need for 
further experimental work.” So that the sum and substance of 
the paper to-night is to recommend investigation. We have got 
to find some spirit of moderate price and practically unlimited 
supply unless automobile engineering is to fail altogether in its 
legitimate expansion. The coal production of this country alone, 
as I learn from being on the Committee of the British Guild for 
investigating available sources of energy, is roughly more than ten 
times as much as the whole petroleum production of -the world 
at the present time, that is, in thermal value, and therefore we 
have available at any rate for some hundreds of years possi- 
bilities in the production of fuel in the form of benzol, while we 
have, in addition, the production from vegetable growth. 

Mr. HORACE WYATT: I think all the speakers this evening are 
agreed with one another on at least one point, that is, the desir- 
ability of a full investigation into every conceivable source of 
supply of fuel. Among these conceivable sources of supply we 
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can, I think, fairly rank alcohol, and I presume that it is solely 
because of my connection with an organisation which has already 
taken some steps in that direction that your President has kindly 
asked me to say it few words. During this summer the Imperial 
Motor Transport Conference was held at  the time of the Olympia 
exhibition of commercial vehicles, and at that conference we had 
a discussion on the fuel question, mainly froin an Imperial point 
of view, i.e., on the possibility of creating within the Empire 
an  adequate supply of fuel for the needs of the Empire. The 
whole of the overseas delegates at  that meeting-and it was 
l-ery well attended indeed-were determined that the result 
of the meeting should be simplified, inasmuch as while they 
had no antagonism to other fuels, they wished to send out 
a direct statement that, in their opinion, alcohol wantecl investi- 
gation, becanse they felt that in every case they had got the 
means of obtaining a perpetual supply of alcohol in their own 
countries, and in many instances they believed, and told us that 
they had evcry reason for confidencc that their Governments 
would, if asked, give very substantial support to a thorough in- 
vestigation of the prospect3 of alcohol, because of the benefits 
which would ultimately accrue to their own localities by so doing. 
They asked the Coinmittee of the conference to deal with this 
matter after the conference was over, and they also asked the 
Committee, for that and for other purposes, to form itself into a 
permanent Imperial Motor Transport Council. That Council has 
been definitely formed under the Cliairmansliip of The lion. 
Arthur Stanley, Chairman of the Royal Automobile Clnb. The 
President is Prince Arthur of Connaught, and among the Vice- 
Presidents we number the High Comniiwioiicrz of the Self- 
Gorerning Dominions and the heads of the various Departments 
of our own Government likely to be interested in questions affect- 
ing motor transport. The Council, I think I may quite modestly 
say, is a very strong one indeed, and that Council has recently 
turned its attention to this question o f  alcohol, and an L41cohol 
Motor Fuel Commitcee has now becn foriiied.* Dr. I-Iele-Shaw 

1HE ZhSTITlJTlOS O F  AUIOMOUILE ENGINEERS. 

* The committee consists of the following:-The Hon. Arthur Stanley 
(Chairman), Thos. L. Aveling, Esq., Bertram Blount, EFq., F.I.C., J. S. 
Critchley, Esq., M.I.Mech.E., S. F. Edge, Esq , S. Glover, Esq., M.Inst.C.E., 
Dr. H. S. Hele-Shaw, F.R.S., Basil H. Joy, Esq., M.I.Mech.E., Prof. V. B. 
Lewes, F.I.C., Dr. W. R. Ormandy, Sir Boverton Redwood, Bt., Sidney Straker, 
Esq., Thomas Tyrer, Eeq., F.I.C., Horace Wyatt, Esq., B.A. (Hon. Secretary). 
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has just said that this Institution would, he thought, be 
milling to give support to any organisation which mould 
encourage the possibilities of alternative fuels, and I hope 
that the Institution may seriously consider the very impor- 
tant question which is always reached rather early in  these 
affairs, that is, the question of pecuniary assistance for the very 
expensive investigations which this Committee will have to carry 
out. I hope that this Institution will assist to its full power the 
work of this Committee, and I sincerely hope that this Committee 
will be able to do good work. Indeed, it is a Committee of 
men who know what they are talking about. It will not be a 
Committee of men who are all in agreement, and therefore liable 
to push things through without sufficient discussion. It will have 
to answer in the first instance to the Council, on which we have 
representative members of all the motor organisations of this 
country, and also expert representatives of all the Governments 
connected with the Dominions and Colonies, so that every con- 
clusion reached by this Committee will be pretty carefully checked 
by the Council, and the Committee itself is very well qualified, if 
it has the available funds at  its disposal, to come to conclusions 
that I hope will prove to be of considerable value. 

The PRESIDENT: I t  is now my pleasing duty to ask you to pass 
a vote of thanks to Dr. Ormitndy for his very interesting paper. 
We are all fully alive to the critical state of the fuel industry, 
and how it affects the automobile trade generally, and this Insti- 
tution will have to take its part in solving the problem of the 
future supplies of fuel. Dr. Ormandy’s paper leads us a little 
further in that direction, and it is now for the motoring public 
to como forward and organise a proper Council and Research 
Committee to go into the whole qucstion of fuels, with su5cient 
money to carry it through in a proper way. Tlie tests which 
Dr. Ormandy has conducted are fairly extensive, and I think, 
in giving him our thanks, we ought to add the name of the pro- 
prietors of The Autocar, for the manner in which they Iiave 
assisted this Institution in bringing the matter forward. 

Dr. ORMANDY, in  replying on the discussion, said: I spent about 
three-quarters of an hour endeavouring to deal with one aspect 
of a broad subject. The members have spent much more than 
that time in pointing out how many aspects of the subject I 
have not dealt with. It is unavoidable, because the subjoct has 
so many sides. Mr. Hall spoke of the value of interchangeable 
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fuels. It is because I recognise the value of these for use on motor 
cars that I suggest that we should make a commencement with 
using alcohol and benzol, both of which we know we can 
produce, but neither of which at the beginning are we likely to 
produco in  such quantities that they will be able to displace the 
material which we are at  present relying upon. That is why I 
emphasised the point that it is vib mixturcs of alcohol and benzol 
that we shall eventually arrive at  the possibilities of alcohol alone, 
or practically alone, should the supply of benzol only be sufficient 
to form a comparatively small percentage of the total amount 
which is required. The qucstion was asked, why, i f  alcohol can 
be madc at  6d., is it not made at  that price? Thc connectian 
between the cost of manufacture, meaning cost of raw material 
plus reasonable cost for interest, depreciation, use of plant, etc., 
bears no relation whatever in this country to the cost of 
manufacture. The man that makes it here is not allowed to use 
a continuous still. He has to employ three times as much plant 
as would be necessary if he were a free agent, and as a rule a 
Revenue gentleman is on his doorstep by day and by night, and 
there are a few other drawbacks of that sort which tend to in- 
crease the price. When I speak of the possibilities of making 
alcohol at  6d .  a gallon, I speak of ,an absolute figure. I am 
sending a quotation for plant to British Nyassaland to make 600 
gallons per week from maim, which they tell me they can supply 
at, from 16s. to 19s. a ton, according to the season, and the actual 
figure for raw material for making a gallon of 95 per cent volume 
alcohol will be 3d., and the cost of interest on plant, depreciation, 
full wages and everything else may amount to 6d. even on that 
very small output of 600 gallons a week. This is, of course, 
absolutely a toy plant, and the consequence is that the cost of 
management is out of all proportion, but the fact that the 
raw materials cost 3d. per gallon is strong presumptive evi- 
dence that if the thing were worked on a sufficient scale, the 
remaining charges which go to makc up the total cost of pro- 
duction would not more than double it.  As regards the cost of 
benzol, so long as this fuel is produced in a quantity which is not 
an appreciable proportion of the amount of petrol required, just 
so long will the commercial instinct of the average person en- 
courage him t o  get as much as he can for it, and that will be just 
as much as petrol, or even slightly more when the world in general 
has been completely convinced that benzol is better than petrol. 
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I believe it is. Mr. Hall has hinted at  the possibility of some 
material other than benzol being employed in conjunction with 
alcohol. The saturated paraffins do not mix readily with alcohol, 
and at  the moment the only hydro-carbon produceable i n  com- 
paratively large quantities which is generally known is benzol. 
I believo that the materials produced by distilling coal under 
certain conditions and by cracking oils under certain conditions 
are miscible with alcohol to a considerable extent, but I have not 
thought it necessary to deal with an aspect of the question which 
is dependent largely on immediate and future research work. 

Dr. Watson raises some points of apparent importance. On 
the question of starting, the paper states distinctly that with all 
the mixtures and a t  the temperature of the room in which the 
experiments were carried out, that is, 70" F., there was no diffi- 
culty in  starting. 

He makes a point, and quite rightly, of urging that absence 
of smell or smoke in  the exhaust is no sign of perfect com- 
bustion. I admitted from the commencement that the experiments 
would have been more satisfactory and more valuable had exhawt 
gas analyses been carried out. Wo m e  not, however, dealing 
with what might be called absolute thermal efficiency, that is to 
say, the proportion of heat actually developed converted into 
power, making allowances for the amount of unburnt gas. Theo- 
retically and scientifically it is, perhaps, right and proper to make 
such allowances, but what interests us is the percentage of poten- 
tial heat units passing through the carburettor which is converted 
into work, and the figures given are of value in so far as they 
show the relative efficiencies of an engine running under good 
working conditions with the carburettor and air supply adjusted 
as perfectly as possible by rule of thumb methods to give the 
maximum power. 

Dr. Watson does not think that the curves in Fig. 3 support 
the contention that the possible comparatively slow combustion 
of alcohol mixtures may be an item requiring consideration. The 
brake horso-power curves (Fig. 2 )  show .that as the speed in- 
creases the power which it is possible to obtain from the alcohol 
mixtures falls off very considerably, and this falling off com- 
mences at a lower speed of revolution as the percentage of alcohol 
in the mixture is increased. As previous experimentors with 
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alcohol on the Continent have made frequent reference to the 
possibility of such comparatively slow combustion, I was naturally 
more inclined to suggest this as an interpretation of soiiie of the 
observed facts. 

I venture to think that Dr. Watson hiinself in his criticisin 
shows at least as inuch evidence of self-contradiction as lie accuses 
me of. He does not approve of my use of the term “ tremendous 
rapidity” in speaking of the rate of combustion of petrol-air 
mixtures. He goes on to state that the iiiaximum rapidity of 
such combustion is 7; ft. per sec., and later adds that with a 
high enough compression the Tvliole of the inflanimable mixture 
in the cylindcr may be raised to such a teiiipcrature that it is in 
a state of unstable equilibrium. I do not explicitly state on 
p. 63, when dealing with the rat.e of propagation of flame, that I 
was referring to the rate under tlie conditions obtaining in tlie 
cylinder, but I took it for granted that i t  mould be assumed. 
I t  is such elementary Bnowledge that the combustion of hydro- 
carbon vapours with air at nornial pressures and teniperatures 
are of very low order that it did not appear to me possible that 
this point mould be raised. So far as I am aware, no research has 
been carried out on the relation which exists between thc rate of 
propagation of flame in combustible mixtures undcr gradual in- 
creases of pressurcs and temperatures, still less have attempt5 
been made to get coniparative figurcs between such increases in 
the cabes of petrol, benzol and alcohol mixtures. That turbulence 
is of vital importance in dcteriniiiing the ratc of propagation of 
flame in  the cylinder is obvious, but we may assume that the 
degrce of turbulence in the experiments undcr discussion wouI~1 
be practically equal, aiirl the fact that the employment of two 
sparking plugs leads in most cases to fuel econoiny points to the 
great importance of a thorough kiioivledge of the rate of com- 
bustion. That petrol-air mixture under certain conditions ob- 
taining in a cylinder can in practice be in a state of unstable 
eqiiilibrium where coinbustion takes place throughout the niass 
practically instantaneously, i .0. .  with a formation of an explosive 
wave, certainly justifies the ~15e of the adjectives which Dr. IVatson 
condemns. 

I am glad to learn that Dr Watson is of the opinion that this 
question of the rate of combustion of alcohol and air under working 
conditions is not likely to be of serious moment, but I shall 
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nevortheless feel much more satisfied on this point when actuaI 
data are available. 

At a later period in his remarks, Dr. Watson suggested that I 
was trying to have what is popularly known the bun and 
halfpenny, claiming advantages for slow burning of alcohol mix- 
tures and in other places recommending high compression. I 
distinctly state that that fuel is most suitable which, under the 
conditions of compression obtaining, burns with the slowest velo- 
city compatible with the piston speed desired. If it be the com- 
paratively slow burning of alcohol and air which permits of much 
higher compression before a state of unstable equilibrium is at- 
tained, then this is an advantage, because i t  enables us to employ 
conditions which lead to higher thermal efficiency. 

I am in absolute agreement with Dr. Watson as to the necessity 
for working out mean effective pressure curves for all new fuels, 
and the great value of these from the practical point of view, and 
i t  is much to be desired that experiments carried out on the lines 
of the paper referred to by Dr. Watson as having been read by 
him before the Institution some years ago should be instituted. 

With regard to Mr. Von Groeling’s remarks as to the increase 
of benzol in Germany, it is true that they have got many by- 
product recovery coke ovens in Germany, and have had for fifteen 
years; we still have 50 per cent of coke made in non-recovery 
ovens, but even in Germany they have not benzol plants to all 
ovens pet, because they found a good deal of difficulty in selling 
their benzol. The distribution difficulty again came in, but there 
are quite a lot of by-product coke oven plants in Germany without 
recovery attachments. With reference to cracking, and so on, it 
was outside the sphere of my paper to-night to deal with all these 
things. It would have required two or three other papers 
to deal with the possibilities of the cracking, catalytic de- 
composition and hydrogenating processes, etc. I think ordinary 
commercial competition will sort these out without any necessity 
for dealing with them until they become more urgent and have 
become further developed than they are at present. I agree abso- 
lutely with Mr. Von Groeling’s statement that there is room for 
all. I t  is merely necessary that somebody shall emphasise the 
importance of one point. There are always others to emphasise 
other points, and I have chosen to emphasise the necessity for 
investigation of alcohol. 
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Mr. Brewer cannot understand how the figures in Table 111. 
have been arrived at  in view of certain statements made by Eitner. 
Eitner points out that certain fuels will give ail explosive mixture 
with certain percentages of air under or ovcr those required for 
complete combustion. Table 111. gives the heat units which are 
given out during the perfect combustion of certain fuels with 
the theoretical amount of air, so that the two matters bear not 
the slightest relation to each other. Mr. Brewer next proceeds 
to deal with the importance of the sizes of the jet employed in 
the carburettor in relation to the final results. As a carburettor 
with a variable jet mas employed in thc Maudrlay experiments, 
and it is distinctly stated that this mas adjusted with each fuel 
to give the best results at  the various speeds, I fail to see the 
bearing of these remarks. 

Mr. Brewer does not think I have attached enough importance 
to the physical property of viscosity in  relation to flow of fluids 
through jet carburettors, but I emphasised the importance of latent 
heat of evaporation, and I did so because I do not think the alcohol 
carburettor of the future will use a jet, and for that reason the 
question of the viscosity of fuel becomes of less importance. 
Simply the fact that the fuel, when it once gets into the carbu- 
rettor, or what will serve for the carburettor, has to be exposed 
to  varying temperatures, does not necessarily mean that the fuel 
itself will vary according to the varying temperature, and we 
shall have to deal with the viscosity of a fluid as it runs throngh 
8 jet or some forin of aperture into whatever form of carburettor 
is employed, and for that reason I do not think that viscosity 
plays anything like so important a role as the latent heat of 
evaporation. On the other hand, there is a good deal in his remark 
that the latent heat of evaporation has to be provided somehow, and 
sometimes we require more heat than at  other times, it  varies from 
minute to minute according to the requirements for the time being, 
but I think that possibly this would be met by dealing with the 
carburation of alcohol from an entirely new standpoint. It is 
one of the points that has to be investigated, but I did not wish 
to convey the impression that carburation with alcohol was not 
going to be difficult. On the contrary, I stated that there are no 
physical properties attached to it which are of such a vital nature 
as to render the utilisation of this fuel impossible, and I pick 
out among the various difficulties the one which I think is the 
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most important, and that is the latent heat of evaporation. I 
a m  sorry that I conveyed the impression in the paper that I 
regarded the carburation of alcohol as being easy, but I emphasised 
the point that all carburation problems are simpler the more 
homogeneous the liquids to be dealt with, and alcohol and benzol 
behave much more as a homogeneous substance, and alcohol itself 
is practically homogeneous. 

Lord Montagu raised the question of the smell of the exhaust. 
I think myself that the French engines were running on a mix- 
ture of alcohol and benzol, and from the analyses of the exhaust 
gases from the engines which were run by the competitors them- 
selves, even industrial engines running a t  200 revolutions per 
minute, it will be found in  all cases that carburation was the diffi- 
culty. The exhaust gases showed the most lamentable state of 
affairs, anything from 80 to 90 per cent of unburned fuel, and 
anything up to 80 per cent of hydrogen not consumed out of the 
total percentage going into the cylinder, and that in  spite of the 
fact that twice the theoretical amount of air was put into the 
cylinder. That this is not necessary is shown by the fuel con- 
sumptions in the paper by Dr. Watson, using an ordinary carbu- 
rettor not designed specially for these purposes. It merely points 
to the fact that carburettor construction has improved at  an 
enormous rate since the 1902 experiments, and there is no reason 
whatever why, i f  the money and intellect spent in devising im- 
provements in carburettors for dealing with petrol could be spent 
in  devising a carburettor for dealing with a more homogeneous 
substance like alcohol, correspondingly good results should not be 
obtained. The fact that, in spite of the efforts of the Government, 
alcohol engines have not come forward in Germany is due to an 
alteration in the fiscal and agrarian policy; they are no longer 
encouraging the sale of industrial alcohol below cost price, and 
refuse to make contracts for a number of years at  anything like 
the prices which they had previously sold at. I n  addition to that, 
it  was only for agricultural engines that it ever was properly, 
used in Germany, because in Germany, as in France, the bulk 
of the leading motor makers make for export, and i t  did not pax 
them to design special carburettors and make special engines to 
run in Germany on one fuel, alcohol, when two-thirds or three- 
quarters of their output was to go to countries where the fuel waa 
not only not obtainable, but where there were no prospects of its 
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being obtainable at  any tinic, and there was no prospect of the sale 
of tho engines being pushed. That is tlie ordinary commercial 
answer to the thing, which I think is sufficient in itself. As 
regards alcohol from wood, leaves, etc., at the time the Committee 
of Enquiry mas being held there were some new-patented pro- 
cesses for making alcohol from cellulose, wood residues, etc., which 
gave every evidence of' working to cornplctc success on a coin- 
inercial scale, and I felt justified in stating that there were these 
possibilities. But once again the difference between the experi- 
niental and large scale work was shown. There are, hovever, 
three large factories erected for making alcohol from sawdust 011 

the west coast of America, and although they have all succeeded in 
making it in large quantities it has not been a paying proposi- 
tion yet, not because of any inherent defect in the process, which 
is a chemical one, but because of purely iiieclianical difficulties in 
finding vessels to withstand tlie chemical actions which are neces- 
sary. I am now, however, told by an Excise officer froin North 
America that they have succeeded in getting materials for lining 
their process tanks which resist the chemicals employed in the 
decomposition of the cellulose into fermentable materials, and they 
hope that this one discovery of a suitable lining will succeed in 
converting a losing proposition into a paying one. On the other 
hand, a Gerinan patent for making alcohol from the residues of 
fermentable sulphide pulp for making paper is a very paying 
proposition. These sulphide pulp residues were an intolerable 
nuisance. Nobody wanted them in thc strcams, it was difficult to 
know what to do with them, and it has been found possible to 
convert the residues formed during the action of the sulphite on 
the pulp into fermentable form, and alcohol is now being pro- 
duced at a few pence per gallon and used in very large quantitics 
as an essential ingredient in the manufacture of artificial silk in 
Sweden, and there is no reason why this should not be done in 
Newfoundland and the other Colonies where we are making paper 
in  large quantities. 

If, as Dr. Hele-Sham points out, I was rather hard upon the 
Motor Fuels Committee, I merely stated the fact; I did not wish 
to state that they had not done any work which was of value, 
but that Committee has not produced any results yet, and he 
certainly gets quite level by pointing out that my own paper 
finishes with the same recommendation which they made so nianp 
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years ago. I am glad to find that he confirins the statenlent 
which I was once criticised for making, that there was very little 
doubt that when the pnblic mas once satisfied that benzol is as 
good as petrol i t  mould cost as much, or more, and with the final 
statement that he thinks that it is the duty of this Institution 
to look into the whole question of fuels I am in absolute ttgree- 
ment . 

0RMANI)Y. 
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A4notlier condition which bench tests alone do not take account 
of is the low temperature on which an engine must work satis- 
factorily in this country. From the experience I have had with 
paraffin in this country, i t  would appear that this is a very im- 
portant point to bear in mind when dealing with fuels which 
require a considerable amount of heat for proper use in engines. 

The French War Office has endeavoured to further.the use of 
alcohol on lorries which may be owned or subsidised by them. 
To this end a certain number of days in their Subsidy Type Trials 
for some years past have been devoted to running on carburetted 
alcohol. As far as can be ascertained, this mixture contains 50 
per cent alcohol, 35 per cent benzol, and 15 per cent petrol. The 
fuel consumption figures, the average speed in miles per hour of 
the lorries tested in 1909-10 are shown in Tables IX.  and X. 

It will be seen from these that the fuel consumption on alcohol 
is not nearly so good as when petrol is used. The figures with 
benzol are the best of the three. It is quite true that these results 
are three or four years old, and they may have been considerably 
improved on since, but the details have not been officially pub- 
lished. The difference in speed in the two sets of trials is entirely 
due to the wording of the regulations, which were not sufficiently 
strict in 1909 to  prevent the trials from partaking of the nature of 
n race. Average speeds in the 1909 trials are not shown in detail 
for each fuel. These figures have been issued in the Press, but 
not in the form in which they are now put forward. I n  con- 
versation with some of the drivers it was ascertained that on 
the whole they preferred petrol of the three fuels on the ground 
that it was a more tractable fuel to work with. 
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2-245 
2-247 
2.206 
2.191 
2.515 
2.717 
2.742 
2.995 

FRENCH COMMERCIAL VEHICLE TRIALS, 1909. 

Load. Weight of 
Name of Vehiole. miUi- Tons. Vehicle. 

Petrol. I Aloohol. 1 Benzol. 
-_ -- 

4059 
4.100 
4.382 
4.308 
5-310 
5.531 
5.528 
5.662 

l- 
0 
0 Avmge 

S P d  
inm.p.h. 
on Con- 
mmption 
TrlalB. 4 

47.5 
52.4 
42.35 
46-3 
43.0 
45.8 
44-15 
42-6 

rz 
CLASS I.-Industrial vehicles. Load 8 to 12 cwt. Minimum average speed 9* m. per hour. Average day's run 93 miles. 
Rayard Clement ............ I 2 I 85 I 120 [ 0.530 I 1.426 1 35.24 I 39-42 I 46.2 I 14.27 

1 

62-8 
64.8 
50.8 
50.5 
53.5 
53.35 
58.7 
54.5 

CLASS 11.-Industrial vehicles. Load 12 to 24 cwt. Minimum average speed 79. m. per hour. 
Average day's run 93 miles. 0 

rq Vinot and Deguingand ...... 1 4 I 80 I 110 I 0.958 I 2.470 40.0 I 38.12 I 41.3 I 13-06 

Averaae dads run 93 miles. 
CLASS III.--lndustrial vehicles. Load 24 cwt. to 2 tons. Minimum average speed 7* m. per hour. 

2 
2 
4 
4 
4 
4 
4 

" Y  

100 
100 
84 
84 
80 

110 
110 

Saurer . . . . . . . . . . . . . . . . . . .  1 4 88 120 2-027 4.263 48.8 48.10 41.3 
Bayard Clement.. .......... 2 1.419 3.239 37.92 43-15 47.96 
Delaugere Clayette ........ 4 1 ':: 1 ii: 1 1.200 1 2.904 I 19-14 I 24.2 1 23.66 

CLASS IV.- Irrdudraal vehicles. Loiid 2 to 3 tons. Minimum average speed 7* m. per hour. 
Average day's run 75 miles. Maximum axle load 4 tons. 

Delahaye ................. 
Delahaye .................. 
-4ries ..................... 
Aries ..................... 
De Dion Bouton ........... 
Saurer .................... 
Saurer .................... 
Knot and Deguiugand. . . . .  

180 
180 
110 
110 
100 
140 
140 
140 

46.7 
54.0 
42-05 
44.2 
40.1 
48'7 
49.8 
50.6 

0 
13.24 
11-54 
11.15 

3 
3 

12.58 p 
12-31 
10.75 
11-22 
11-66 
14.07 
14.58 
13-74 
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Vinot and Deguingand.. . . . .  
Panhard and Levassor. . . . . .  
Cohendet . . . . . . . . . . . . . . . . . .  
Cohendet . . . . . . . . . . . . . . . . .  
Malicet and Blin . . . . . . . . . .  

Peugeot . . . . . . . . . . . . . . . . . .  

Delahaye . . . . . . . . . . . . . . . . . .  4 
Delahaye . . . . . . . . . . . . . . . . . .  4 
Aries ..................... 4 
Aries ..................... 4 
De Dion Bouton.. .......... 4 
De Dion Bouton.. . . . . . . . . . .  4 
Malicet and Blin . . . . . . . . . .  4 

4 1 105 140 1 3.000 
4 ’ 90 1 120 I 2.899 
4 ~ 90 130 2.592 
2 145 ~ 145 2.843 
2 1 145 145 ~ 2-768 
4 , 90 1 120 2.926 

90 160 5.591 6.371 58.9 
90 160 3.591 6.383 60.6 
95 130 3-146 5.600 40.75 
95 130 3.104 5.777 38.7 
90 120 2.947 5.738 43.0 
90 120 2.948 5.774 44.8 

125 160 3.547 8-087 36.75 

5.627 
5-713 
5.191 
5.493 
5442 
5.732 

48.1 
42.5 
41.7 
29.3 
25.95 
41.0 

43.5 
40.15 
39.94 
26.63 

34.13 
W.D. 

55.75 
46.85 
47.7 
32.97 

50.95 
W.D. 

13.88 
9.86 

10.3 1 
8.30 
8.40 

10.4 1 

Average day’s run’62 miles. 

62.6 
65.7 
47.9 
43.55 
36.6 
40.8 
36.5 

66.6 
71.7 
56.7 
50.6 
44.5 
42.6 
45.0 

11.17 
11.08 
9-55 
9.46 

10.81 
11.42 
8.06 

CLASS VI.-Lory with trailer. iMilaimuna average speed 5 m. per  how.  Average day’s run 62 miles. 
Maximum axle weight 4 tons. 

Saurer ................... I 4 1 110 1 140 1 6.086 I 10.943 I 48’7 1 50.8 I 54.5 I 8.10 

Average day’s run 93 miles. 
CLAS5 IX.-Public Service vehicles to seat f r o m  6 to 10 passengers. Maximum average speed 9& 9n. per hour. 

. . . . . . . . . . . . . . . . . .  39.0 45.6 11.83 
........... 

Bayard Clement.. .......... I 4 45.0 14.86 

Peugeot 
Bayard Clement. 

CLASS X.-Public Service vehicles, to seat from 10 to 20 passengers. Minimum averuge speed 79 rn. per hour. 
Average day’s run 93 miles. Maximum axle’weight 4 tons. 

Saurer I 4 I 110 1 140 1 2.066 I 5.443 1 52.0 1 47-96 I 49.7 I 14-40 
I 

42.7 1 42-7 1 49.8 1 . . Average of all Classes . . . .  .. 

NoTE.-W.D. denotes that the vehicle was running in the W.D. trials, and that in€ormation is not publiHhed BL) to its 
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TABLE X. 

FRENCH COMMERCIAL VEHICLE TRIALS, AUGUST AND SEPTEMBER, 19 10. 

Number 
of 

cylinders. 

e Lorries to Carry between Two and Three Tons UsejX Load. 

Bore. 

Speed 
in miles 

hzg. 

7.90 
7.91 
9-86 
9-88 
8-00 
8-01 
6.96 
9-02 
9.36 
10.35 

Gross 8 
ton miles $ 

3 
0 z 
tc 49.7 m 

47.6 g 
69.4 2 
85.8 2 
45.4 3 
49.3 F 
43.4 
43.5 
61.7 
65.4 

- - ~  

Nalicet and Blin ........ 
Malicet and Blin ........ 
De Dion Bouton .......... 
De Dion Bouton .......... 
Avant Train Latil ........ 
Avant Train Latil ........ 
-4vant Train Latil ........ 
Avant Train L a t i l . .  ...... 
Peugeot .................. 
Peugeot .................. 
Peugeot ................ 

. _ _ _ -  

4 
4 
4 
2 
2 
4 
4 

- 

Stroke. 

___ 

120 
120 
130 
130 
140 
140 
140 
140 
120 
120 
120 

100 
105 
105 
105 
105 
90 
90 

Useful 
load 

in tons. 

2.66 
2.64 
3-23 
2.78 
3.39 
3.43 
2.35 
2.27 
2.55 
2.55 
3.25 

.__- 

Grom 
weight 

of 
vehiale 
in tons. 

5.46 
5-44 
5-93 
5.87 
6.04 
6.09 
4-61 
4.53 
4.75 
4-75 
5.85 

- !  
Fuel Obnsumption figurea. G 

! 
Petrol. 

Distanoe run 
560 miles. 

8-13 
8.02 
9.1 7 
9-17 
8.91 
8*93 
8.50 
8.35 
10.28 
10-30 
10.45 

Gross 
on mile, 
Per 

gallon. 

43.6 
51.1 
87.7 
60.4 
39.8 
44.4 
34.0 
37.4 
60-4 
68.5 
60-2 

Aleohol. 
Distance run 

450 miles. 

8.37 
8.24 
9.66 
9-69 
0.78 
8.76 
7.60 
7.51 
10.00 
10-16 
10.45 

GIWS 
Dn milei 

Per 
gallon. 

37.2 
37.2 
54.8 
54.0 
36.2 
38.7 
39.6 
43.7 
49.4 
49.4 
48.4 
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Peugeot . . . . . . . . . . . . . . . .  
Delahaye . . . . . . . . . . . . . . . .  
Delahaye ................ 
Delahaye . . . . . . . . . . . . . . .  
Delahaye ................ 
Panhard and Levassor .... 
Panhard and Levassor . . . .  
Panhard and Levassor . . . .  
Panhard and Levassor .... 
Berliet .................. 
Berliet .................. 
Berliet .................. 
Berliet .................. 
Vinot and Deguingand .... 
Vinot and Deguingand .... 

Average .......... 

90 
90 
90 

100 
100 
81 
81 
91 
91 

100 
100 
100 
100 
95 
95 

4 
4 
4 
2 
2 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

.. 

120 3.36 
140 2.38 
140 2.33 
160 3.45 
160 3.35 
120 2.98 
120 2.98 
130 3-42 
130 3-49 
140 3.00 
140 3.00 
140 4.02 
140 4-01 
130 2.64 
130 2.57 

.. 1 .. 1 . .  

5.95 
4.29 
4.24 
6-18 
6-27 
5.50 
5.51 
6.05 
6.05 
5.28 
5.28 
6 '54 
6.53 
4-90 
4.83 

.. 

10.47 
8.68 
8-69 
8.61 
8.61 
9-61 
9.71 
9.77 
9.71 
8.48 
8.50 
8.22 
8-17 
9-86 
9.87 

. .  

60.4 
68-0 
62.5 
54.7 
50.2 
61.8 
61.2 
60.4 
62.2 
42.9 
42.4 
44.4 
43.5 
55-0 
53.2 

53.2 

10.46 
8.86 
8.88 
7-75 
7.77 
9.83 
9-85 

10.22 
10.24 
8.48 
8.46 
8.29 
8.28 
9-83 

10.31 

.. 

50.5 
61.3 
61-6 
44.5 
40.1 
50-0 
49.0 
53.1 
43.6 
37.3 
40.8 
37.8 
41.7 
52.8 
48-0 

46.3 

9.47 
9.22 
9.24 
8.24 
8.21 
9.55 
9.58 

9.90 
8.86 
8.88 
8.54 
8.55 
9.52 
9.71 

9.88 

.. 

65.9 
16.0 
73.1 
53.2 
51.7 
60-6 
62.3 

61.0 
50.0 h 

58.3 g 

55.3 g 
48.3 ; 

58.9 g 

8 

46.8 s 
62.0 

e! 
WA 

57-1 

z g Nom.-"he vehicles were weighed on various occasions during the trials, and hence some ditwrepancies may exist in the tahleci. 
These are not, however, of sufficient importanee to affect the results arrived at. 

Vehicles in italics were not accepted for subsidy. 
In the fuel consumption tables the five best results in each caw are in heavy type. 
Equivalents used in conversion of Metric measures to English measurcs. (Taken from Hering'R hbles) :- 

1 gallon = 4.646 litrea. 
1 ton= 1-016 metric ton, i.e., 1,000 kilogrammes. 
1 mile = 1.60935 kilometer. 

Relation between litres per kilometer ton (metric) nnd ton miles per gallon is 1 : 27.7'3. 

'd 
C 
M r 
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104 THE INSTITUTION O F  AUTOMOBILE ENGINEEKS. 

I n  reply to the written communication, Dr. Ormandy wrote: 
Capt. Davidson quite rightly points to the great value of prac- 

tical road trials on mixed fuels as supplementary to bench tests. 
As the value of any fuel has eventually to be settled by its 
behaviour under road conditions, the importance of road tests 
cannot be overrated, but the com@aratively poor results obtained 
in some of the French trials can doubtless be traced to the lack of 
adequate laboratory and test room information. I n  spite of this, 
it is interesting to note that year by year the alcohol mixtures are 
more nearly approaching petrol figures, and this in spite of the 
disparity in the amount of work mhich has been expended on 
these two aspects of one question. 
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